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ABOUT THIS BOOK. 


This book describes the unique Intel 8088 
microprocessor; the outstanding choice for 8- 
bit microcomputer. applications aeaiate 
both high performance and low Cost. 


The Intel 8088 is the most powerful 8-bit 
microprocéssor available today, yet as easy to 
use as other 8-bit purtyELOeeeen desguets 
have used. for years:.. eae 


Chapter I introduces. the $088. cPu with: its 
key features that give it high performance, 
with overviews. on the following topics: -_ 


Pipelined architecture 
Register resources — 
Memory addressing 
Instruction set 
System interfacing 
Functional extensions 


Chapter 2 provides a detailed discussion of 
the programmer’s architecture including: 


Register set 
Addressing modes 
Instruction set 
Assembly language 


At the end of Chapter 2 is a complete set of 
instruction set reference pages that describe 
each instruction fully, one at a time. 


Chapter 3 provides necessary information for 
the hardware designer to incorporate the 
8088 microprocessor into cost effective 
iAPX* 88 microcomputer systems. Included 
is a discussion of the following: 


e Bus Timing and Status 

e Bus Interface including interface to MUX 
bus devices 

@ Memory and Peripheral Interface 

e Wait States 


*1APX stands for Intel Advanced Processor System 


Interrupts © 
Direct : pemery Access ~ 
Reset - | 
Building Large Systems. 


Chapter 4 gives some specific, 8088. system 
design examples for the simple. to complex 
systems: 


© Multiplexed bus small:systems: 

© Demultiplexed systems with standard mem- 
ories and peripherals. : =) | 

¢ S100 Bus System ba ee 

e iAPX 88 based CRT 

®¢ MULTIBUS™ System: . — 


The Supplement provides an introduction to 
microcomputer concepts and terminology 
including: 

@ What is a microcomputer? 


@ What’s inside the CPU? 
@ What are machine cycles? 
@ What are addressing modes? 


The Appendix contains the following data 
sheets and comparison benchmark reports: 


Data Sheets 

e iAPX 88/10 data sheet 
@ 8284A data sheet 

® 8282/8283 data sheet 

® 8286/8287 data sheet 


Benchmark Reports 
© iAPX 88 vs. 6809 
e iAPX 88 vs. Z80 


Related Documentation: 

© The iAPX 86,88 User’s Manual 
Contains complete design information on 
building iAPX 86 and iAPX 88 systems, 
including the use of 8089 I/O processor 
and 8087 numerics processor extension. 
Several Application Notes are included. 


¢ The Peripheral Design Handbook 
Contains data. sheets and - application 
notes featuring Intel peripheral devices. 

e The Intel Component Data Catalog. 
Contains data sheets for all Intel semi- 
conductor components, including mem- 
ories and peripherals. 


These books, and other documentation are 
available from: ° 


Literature Department 
Intel Corporation 
3065 Bowers Ave. 
Santa Clara, CA 95051 


The material in the Assembly Language sec- 
tion of Chapter 2 was edited and reprinted 
with permission of Hayden Book Company, 
from The 8086 Primer, by Stephen P. Morse. 
Copyright 1980. 


F urthermore, selected material was extracted 
from the following articles: 


1) S.P. Morse, W.B. Pohlman, B.'W. Ravenel, 
“The Intel 8086 Microprocessor: A 16-Bit 
Evolution of the 8080,” Computer, June 
1978. 

2) S.P. Morse, B.W. Ravenel, S. Mazor, 
W.B. Pohlman, “Intel Microprocessors — 
8008 to 8086,” Computer, October 1980. 
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CHAPTER 1 
INTRODUCTION 


WHAT IS THE 8088? 


AniAPX 88* Microcomputer system has the 
three main elements typical to most compu- 
ter systems: The central processor (8088 
CPU), the input/output ports, and memory 
(Fig. 1-1). 


The iAPX 88 is. unique. in many ways, Haws 
ever, and the remainder of. this :chapter 
describes the: basics of the 8088 CPU and 
iAPX 88 Microcomputer systems... 


One of the most unique aspects of the 8088 
is shown in the simple block diagram (Fig. 
1-2). The 8088 combines the powerful resour- 
ces of a 16-bit. microprocessor. internal 
architecture with an. easy-to-use 8-bit bus 
interface. The bus interface is easy for hard- 
ware designers because it is similar to other 
8-bit microprocessors. In particular, most. of 
the bus lines are identical in function to the 
popular 8085A. Those designers who have 


interfaced memories and I/O devices to 8085: 


*iAPX refers to the entire microsystem built around 
the 8088 CPU. = 


microprocessors will find it easy to incorpo- 
rate the 8088 into new systems. | 


16-BIT. POWER ON AN 8-BIT BUS . 


The 16-bit’ internal architecture roves 16- 
bit wide registers, data paths, a 16-bit ALU, 
and a set of powerful 16-bit instructions iden- 
tical to the ones found i in the popular 16-bit 
8086 microprocessor. 


With this new ‘internal architecture, the 8088 
has features that were never before available 
with an 8-bit microprocessor. Among these 
features is a 20-bit memory address range 
and a 16-bit input/output port address range 
for I/O. cycles. This gives the 8088 a full 
megabyte (1;000,000-plus bytes) of memory 


— -B085A. 
BUS INTERFACE : 


CAPABILITY TO 8- BIT 


Figure 1-2. 8088 CPU 


ADDRESS BUS | 


MEMORY 


Lot 


DATA BUS 


-CONTROL BUS 


Ks Figure Ae1e Microcomputer Block Diagram 
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INTRODUCTION 


addressability. and 64,000 giss of 1/0 
addressability. _ 


The iAPX 88 instruction set includes a full 
complement of arithmetic, operations includ- 
ing addition, subtraction, multiplication, and 
division, on 8-bit or 16-bit quantities. This 
gives the 8088 the highest computational 
throughput of any 8-bit microprocessor for 
numerics intensive applications. The 8088 
also has a complete set of string manipula- 


tion operations for performance and flexi- 


bility in applications where large amounts of 
data are involved. 


To: make efficient use. af its onesie of 


memory addressing, the 8088: provides the. 


most powerful range of addressing modes 
available to the programmer; from simple 
immediate addressing (data contained in the 


instruction) to complex addressing built from 


four components (three registers plus imme- 
diate data). More details. are provided on 
addressing modes later on in this chapter. 


The 8088 has built-in hardware support for 
multi-processor systems to coordinate re- 
source sharing of memory or peripheral 
devices among multiple processors. 


Finally, and possibly the most powerful’ : 


advantage: the 8088 is 100% code compatible 
with the 16-bit 8086 CPU. All the power of 


the 8086 16-bit instruction set is available in — 


the 8-bit 8088. So, iAPX 88 systems are easily 
upgradable to iAPX 86 16-bit systems because 
of this complete instruction set compatibility. 


FETCH EXECUTE FETCH EXECUTE | 


HOW THE 8088 PIPELINED | 
ARCHITECTURE INCREASES SYSTEM 
PERFORMANCE aa 

Figure 1-3 shows how programs are executed 
over time in a standard” microprocessor. 
First, the microprocessor must fetch the 
instruction to be performed, then it executes 
the instruction. Only after the execution is 
complete is the CPU ready to fetch in the 
next instruction, execute that instruction, etc. 
as the program proceeds from beginning to 
end. “i a ne Se | 
The CPU hardware that executes instruc- 
tions must obviously wait until the 
instruction is fetched and decoded before 
execution begins. Therefore, in standard 
microprocessors, the execution hardware 


(primarily the control circuitry and the 
arithmetic and logic unit) spends a lot of time 
waiting for instructions to be fetched. The 
8088 eliminates this wasted time by dividing 
the internal CPU into two independent func- 
tional units (Fig. 1-4). 


INSTRUCTION 
PIPELINE |~ 


|| EXECUTION BUS 
N INTERFACE 
emt UNIT 


SYSTEM BUS 
PIPELINED ARCHITECTURE DELIVERS HIGHER| 
PERFORMANCE WITH REDUCED BUS “DEAD 
TIME” 


Figure 1-4. Pipelined internal Architecture 


FETCHe ee 


Figure 1-3: Program Execution in Standard Microprocessor 
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Bus Interface and Execution Units 

Work in Parallel | 

The 8088 has a separate bus interes unit 
called the BIU whose only job is to fetch 
instructions from memory and pass data to 
and from the execution hardware to the out- 
side world over the bus interface. Since the 
execution unit and the bus interface unit are 


independent, the bus interface unit fetches 


additional instructions while the execution 
unit (sometimes called the EU) executes a 
previous instruction. This is made possible 
by the instruction pipeline (or: queue) 
between the bus interface unit and the execu- 
tion unit; the bus. interface unit fills this 
pipeline with instructions awaiting execu- 
tion. Thus; whenever the execution ‘unit 


finishes executing a given instruction, the. 


next instruction is usually ready for imme- 
diate execution without delays caused by 


instruction fetching. Figure 1-5 shows paral- 


lel fetching and. executing in the 8088 CPU. 
BENEFITS OF PIPELINING 


Because the BIU is usually busy fering 
instructions for the pipeline, the 8088 bus is 
more fully utilized making efficient use of 


the iAPX 88 system bus structure. Parallel 


fetching and executing also gives the 8088 
almost as much performance as:a micropro- 
cessor that moves data 16-bits at a time. 


Another benefit of the parallel operation is 
that since the execution unit seldom needs to 
wait for the BIU to fetch the next instruc- 
tion, there is less need for the BIU to fetch 
data quickly. Thus, the 8088 BIU’ allows 
maximum performance and processing 
power without high speed: pee ‘devices 1 in 
the system. 7 


The only time instruction fetch time is not 
totally transparent is when program execu- 
tion transfers to a new; non-sequential 
address. When this happens, the bus inter- 
face unit is given the new address by the 
execution unit; it then begins fetching instruc- 
tions sequentially from the new address. The. 
execution unit must wait. for the next 
instruction to be fetched the way most. 
microprocessor units wait for.every instruc- 
tion to be fetched. After the first instruction. 
is fetched from the new location the bus 
interface unit again continues to fill the pipe- 
line with instructions and fetch-time be- 
comes transparent. 


HOW THE 8088 REGISTER RESOURCES 
PROVIDE EFFICIENT PROGRAM CODING 
Figure 1-6 provides an overview of the regis- 
ters available in the 8088 CPU. The 8088 
provides the largest number of continuously | 
available registers of any 8-bit microproces- 


--| FETCH | FETCH FETCH | _ 


WAIT EXECUTE EXECUTE EXECUTE | 


_ .Figure 1-5. Parallel Operation in 8088 CPU 
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sor. Within the general register group. there 
are eight 16-bit registers. Four of these can be 
referenced alternately. as. either 16-bit or as 
eight 8- bit registers. All of these registers are 


available to the. programmer for general Le 


pose activities. 


In addition to the. general eee here are. 
two 16-bit control registers and four 16-bit. 
segment registers. The function of all 8088 
registers is described in more detail in the 
following paragraphs. | 


Data.Registers — 


The data group registers which, in their 16-bit 
form, are the AX,’ BX, CX and DX registers. 
(Fig. 1-7): For 8-bit operations they are 


broken up into a high byte‘and low byte: AH 
is the high byte ‘of the’AX register, AL is the 
low byte of the AX: register, and so on. As 


mentioned, thése registers have general usage 
for simple arithmetic and logical operations. 

Some registers have additional special func-. 
tions which are performed in the execution of 
certain instructions. For example, the CX 


register is frequently used to contain a count 
value during repetitive instructions. The BX 


CONTROL 
REGISTERS 


CONTROL 


SEGMENT | .>. 


" Figure 1-6. 8088 Register Set. - 


register is used as.a base register: in some of 
the more powerful addressing modes. — 


Pointer and’ Index Registers 


Figure |- 8 shows the pointer and index regis- 
ters. The BP and SP registers both point. to 
the 8088’s stack, a linear array in the 8088’s 

memory used. for subroutine parameters, 

subroutine return addresses, or other data 
temporarily saved during execution of an 
8088 program. _ 


Most microprocessors fave a Pee stark 
pointer register called the SP. The 8088 has 
an additional pointer into the stack called the 
BP or the base pointer register. While the SP 
is used similar to stack pointers in other 
machines. (for pointing to subroutine and. 


BP &SP FOR. 
STACK PARAMETER 
PASSING 


..:° Figure 1-8. Base and Index Registers 
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interrupt return addresses), the BP register is 
available to the programmer for whatever use 
he desires. The BP register can contain an old 
stack pointer value, or it can mark a place i in 
the ‘subroutine. stack independent of the SP 


register? ‘Using: the separate. BP register to 
mark. the stack saves the juggling ofa single 
stack. pointer to reference subroutine apace. 


ters and addresses. 


The. two index. registers are ‘the SI Goines 
index) register and the DI (destination index) 
register * (Fig. 18). These are ‘both 16-bits: 
wide and are used by string manipulation 
instructions and in building some of the more: 
powerful 8088 data §tructures. and. addressing 
modes. Both the SI and ‘DI registers ‘have: 
auto-incrementing and auto-decrementing capa- 


bilities. All base and index registers have 


general arithmetic and logical capabilities in 


addition to their special functions. 


Control Registers. - 


Figure 1-9. shows, two 16-bit control tpisters. | 
First is the IP or instruction pointer’ which 


points to the’next instruction the.-bus ‘inter- 


face‘unit will fetch. (The instruction pointer is: 
similar to a. Program Counter used ‘in other 
microprocessors, except that the IP points to 


the next instruction being fetched, whereas 
the traditional program counter points to the 
next instruction to be executed). The second 
16-bit control register (Fig. 1-9) contains flags 
or condition codes that reflect the results of 


arithmetic or logical: ‘operations: as they a are 
performed by the execution: unit. o 


Segment Registers . 


The fourth. group of eohicn. ‘called the ee 
ment registers, are. used by the 8088. in, the 
formulation of memory addresses. Segment 
register usage -is described in, the opis 
section., on. memory ee oe ae 


f 


THE i. iAPX 88 ; MEGABYTE MEMORY a 
ADDRESSING MEANS QUICK ACCESS | 
TO COMPLEX DATA:STRUCTURES'- - 
As mentioned, the 8088 generates:a 20-bit 
memory addréss during every memory refer- 
ence operation, to ‘addréss one: million 
(1,048,576) bytes of memory. These bytes are 
stored--sequentially starting. from byte. 0 to 
byte: FFFFF in hexidecimal.or base 16 nota- 
tion. The 8088 has three.uses for the memory 
it addresses: programs, data;and stack.. The 
8088 may separate data into“local data” used 
by a particular. program segment. and “global 
data” accessable to all program. segments. 
Alternately, you may. have. two data areas 
accessable. toa given program at any point in 
time. 


Every 20-bit memory address points either to 
program code, data, or stack area in memory. 


(Fig. 1- 10). For each of the four ‘different 


memory spaces, the 8088 has a segment base: 
register. Each segment register points to the 
base address of the corresponding area in 


' ’"'Figure:1-9. ‘Control: Registers °°" °° 
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memory (Fig. 1-11). The code segment. regis- Sr ae Sp a Cana ee oe 
ter points to the. base of .the : program £* sas oe ee _. MEMORY. . is 
currently running. The stack segment register a re ee : 
points to the base of the 8088s stack,'the data ee ee ee ee LMA 
ségment ‘register points to the base ‘of: oné : ce | 
data‘'area, and’ the extra ‘segment’ register 
points.to the base of another area where data 
can be stored.‘ Each segment régister'is 16-bits 
wide, and one of the four is used in the: com 


me oo np qc. 
utation of ever memor nddtesst ag the | RA. f— y, 
2088 generates. oe ae oo ann nae 
H Addresses Generated? nt, REGISTERS - 
ow are resses enera e ee ae ogae garae ae ee 
Every time the 8088. needs cpsheiale a Lae | 
memory address, one of the segment registers 
is automatically chosen and added-to a lost: 
cal. address (Fig..1-12)... ee an eats 


For an instruction: ‘fetch, ‘the! code. segmietit 
register is automatically added to the logical 
address ‘(in this ase’ the--conténts: of the 
instruction pointer) to eer the value of 


the instruction address. : ts Boe. Pane 

For an operation referencing the 088s stack, mT OGICAL J. 
the stack segment register is atitomatically i“ : | ‘ADDRESS |. 
added to the logical address (the: SP register 

contents) to compute the ‘value of the stack  “SeQMENT: 0 

address. ~!REGISTERS |... ° 


For data reference ‘operation, where’ either 
the data or extra a segment registers a are e chosen 


. MODULE. - - er, SYSTEM 
DATA ee po Gk , _ DATA 


Figure 1-10. iAPX 88 Architecture Quick Access.to: Four Segment Types 
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as the’base; the logical address can be made~ ~~’ 


up of many.different types of values: it can be 
just’ ‘the: immediate, data value contained in 
the instruction; Or, it can be the sum of an 
immediate: data. value, plus a base. Tegister, . 
plus alt index register. i a arte oh 


INTRODUCTION: 


relative’ only to the ‘instruction ‘pointer, “the: 


; program does not care what value: ‘is kept in, 
: the code segment register. Figure. 113. shows 


Cr rar | 


Stack and data areas, can be relocated. 


wide, the. segment Tegistér value is automati- ~ | 
cally shifted left. by, four binary bits before it © 


is added. to: ‘the. Té-bit logical address.: The 
result. Is- always: 20-bits of ph ysical address.” 


Note that ‘Since Logical addresses are always 
16- bits wide; ‘you can address up to 64,000 
‘bytes ina given” segment without changing 
the valué of ‘the: ‘Segment | base register. In sys- 
tems that da not | have more than 64,000 bytes 
of program, plus 64,000 of stack, plus 64,000 
bytes in each o£ two.different data areas, it is 
possible. to” set the, segment registers at the 
beginniig of the program and then forget 
them. In a system where the tota/ amount.of. -. 
memory is 64,000 bytés ‘oF léss, it is “possible * 


ine ‘Likewise in fa ‘reentrant program; a. single 
For the? sum. ‘of. the addition te ‘be 20- bits 7 


‘program uses multiple data areas. Before the: 
reentrant code i is entered the second time, the’ 
idata ségment register value is ‘changed SO that’ 
a different data. area is made. available t to 0 the 


7 “program. * 


_ ADDRESSING MODES neg ce 


ir 


- Now, let’s continue our discussion’ of pada 


Pe Na Meee 


_ ing modes, providing more’ detail about how: 
‘ addresses are formed. SL Sar 2 


The 8088 has 24 different: addiessing 1 modes, 


. to generate logical. addresses. ‘Figure. l- 14 


shows the different logical. address combina- 


' tions, from the simplest immediate ‘data: 


to set all segment registers equal and’ have aad 


fully overlapping segments. 


On the other hand, segment registers are very 


useful when you have a large programming ~ 
task. and..you..want.isolation between your .. 
program code and the dataidréa'‘or isolation 
between module data and the stack informa- 


tion, etc. Segiiéntation also makes it €asy to” 
build relocatable and [or feeotraat PIOPrais — 
7 to o form tt pie Memory eoenet- 


RELOCATABLE er 
PROGRAMS | eee: 


In. -many cases, aig task of iectnes an. 1.8088. 
program ‘(relocation means. having. the ability *' 
to. run the same program in ‘several different 


. "mode. to the register addressing mode, where: 


“va ‘selected | “register contains the data being 
used by the instruction. In the direct address-: 


-, wing; mede,:the instruction itself contains the 


address of the data. In the register indirect 


“mode; the instruction points to a register con- 


_.. taining the memory. address .of the desired. 
data. There are both indexed’ and based: 


“ .addressing ,:modes. where the contents of an’ 


WN, 


“Index or based register is added:to an imittie-' 


diate data- value ‘contained 4 in-the instruction. 


PPO Noe 


- ‘mode for: a piven instruction Is. encoded: 


areas of memory, without. changing, the pro- . ae 


gram itself) simply: ‘requires’: moving : the: 
program-code and-then:adjusting of-the code- 
segment: register to’ point to‘the-base of: the. 
new code area. Since programs can be writ- 
ten for the 8088 where branches or jumps in 
program flow-may. occur-using new-locations-- 


s ra ae 
t . aet fli dee ber 
oy Qa Pe whe la 4 


wth 


within the bits of the instruction code. This i IS, 
- discussed ‘in, more detail in Chapter 2. | 


__If we,examine the most.complex and power-, 
‘sful-of the addressing modes, which: ‘includes: 
- base register, index register, and’ displace- 
Tent in the logical address, it can be seen that: 
“some fairly complex data structures ‘can ‘be! 
aay addressed in a anes instruction pace the: 


~~ 8088. io csuueeneccd | cs 
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7 . MEMORY: > 
ar RELOCATION ER RELOCATION 


 SSaMENT 


aa 10 RELOCATE AN ENTIRE PROCESS MOVE THE CODE, 


STACK, AND DATA, AND UPDATE THE.SEGMENT REGISTER 
CONTENTS TO POINT TO bis NEW AREAS. 


‘Figure 1-13. Process Relocation 


LOCATION OF DATA 
: IMMEDIATE = | WITHININSTRUCTION : 
REGISTER  . | | INREGISTER 


‘DIRECT =—~—,_ |. AT.MEMORY.LOCATION POINTED TO BY ADDRESS CONTAINED IN — 
es INSTRUCTION. 


ee REGIOTEN picualescl rat RecteR LOCATION POINTES TO BY ADDRESS CONTAINED: IN 


i INDEXED OR: BASED. _ 1? AT MEMORY LOCATION POINTED TO.BY SUM.OF INDEX REGISTER. ob 
| at RNGTHUGTIOL CONTENTS AND IMMEDIATE DATA CONTAINED: | 


_ BASED'AND INDEXED “| » MEMORY ADDRESS IS SUM OF BASE REGISTER CONTENTS AND i 
" WITH DISPLACEMENT ., |. INDEX REGISTER CONTENTS AND IMMEDIATE DATA. i 


THE LOCATION ( OF DATA is REALLY THE LOGICAL ADDRESS, WHICH IS ADDED. TOT THE SEGMENT. 
REGISTER VALUE TO FORM THE, PHYSICAL MEMORY ADDRESS. 


Figure 1-14. iAPX 88 Addressing Modes 
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FOUR-COMPONENT ADDRESSING : 


An example of four-component addressing 
(three-component logical address plus seg- 
ment base) is shown in Figure 1-15, and is 
described as follows: : 


Suppose you're writing a program to com- 
pute the payroll for a large corporation: This 
corporation has several groups ‘of employees. 
Within each group::there are multiple em- 
ployees, and for each employee certain data 
is kept in a record of information: Included 
in this data are the employee’s address, social 
security number, and a wage code indicating 
how much that employee is being paid. 

The task at hand is to select the wage code for 
a particular employee from the entire com- 
plex array of employee data. The 8088 can do 
it witha single instruction after the registers 
are set up. Here’s how: First, set the data 
segment :register to the base of the employee 
data, set a base register such as BX to contain 
the offset number of .bytes between the 


employee data base address and the start of 
the data that applies only to the desired 
group of employees. Next we set an index 


register such as SI to: index to. the desired 
employee’s information within the given 


group of employees. Finally, \ we use an abso-_ 


PAYROLL’ 
DATA 


<=) 
ee 
K— 


: "MOV AX,[BX+SI+12);GET WAGE CODE | 


lute displacement value to point to the given 
employee’s wage code ~e the a a S 
data record. 


The single instruction MOV AX, X, [BX + SI + 12] 
then, will select the appropriate employee’s 
wage code. To implement the same function 
with’ any other 8-bit microprocessor would 
require multiple instructions a ‘build the 
address. ae an 


Symmetric Use of Memory 

Another way these powerful addressing 
modes work is that memory locations can be 
used as either source or destination operand 
of most instructions. A single 8088 instruc- 
tion can perform a logical AND between the 
contents of a given memory address and an 
immediate data value, and store the results 
back in the same memory address. The equi- 
valent function would take multiple 
instructions on an 8-bit processor such as 
an 8080. It is as though you can treat any 
memory location as a CPU register for sim- 
ple arithmetic and logic operations. Follow- 
ing are several operations which can be 
performed directly on memory locations. 


AND [memory address], 7FH 
OR [BX + SI + 12], 1F80H 
ADD [memory ee 2500 


DISPLACEMENT = = 12 WAGE CODE). 
= S| (EMPLOYEE #N) 
= BX (EMPLOYEE GROUP) 


SEGMENT ' = DS (PAYROLL SEGMENT) 


- Figure 1-15. Four-Component Addressing Example. .. 
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THE 8088’s POWERFUL 16-BIT 
INSTRUCTIONSET.  —s.-. 


The 8088 has the most powerful instructions. 


of any 8-bit microprocessor. In addition. to 
the standard instruction types you would find 
on. other 8-bit machines, the 8088 offers 
powerful 16-bit instructions that perform the 


function. of multiple instructions on older 
8-bit architectures. Figure 1-16 through 1-21. 


show the various groupings and the instruc- 
tion names. | | 

The 14 data transfer instructions (Fig. 1-16) 
move single bytes and words between memory 
and registers.as well as between registers AL 
or AX and I O-ports. The stack manipula- 


tion instructions are included in this group as., 
are instructions for transferring flag contents 


and for loading segment registers. . - 


8088 arithmetic. operations (Fig. 1-17) may be 
performed on four types of numbers: un-. 
signed binary, signed binary integers, 


_ . GENERAL PURPOSE 
PUSH 


XCHG 


XLAT 


Move byte or word mee 


_ Push word onto stack | 
Pop word off stack eo 


unsigned -packed decimal and unsigned 
unpacked decimal numbers. Binary. numbers 
may be 8-bits or 16-bits long, decimal 
numbers are stored in bytes, two digits per 
byte for packed decimal, and:-one digit per 
byte for unpacked decimal. __. i 
The 8088 provides three groups of bit manip- 
ulation instructions (Fig. 1-18) for 
manipulating bits within: bytes and words 
and for performing logical shifts and rotates. 
The logical:instructions include the Boolean 
operators NOT, inclusive OR, ‘exclusive OR, 
plus a TEST instruction that sets the flags 
but does not alter either of its operands. 


The bits in. bytes or words may be shifted 
arithmetically or logically by the shift instruc- 
tions. Up to 255 shifts may be performed 
according to the value of the count operand 
coded in the instruction. The count may be 
specified as the constant “1” or as the con- 


ADDITION | 
Add byte or word 
Add byte or word with carry 
Increment: byte or word by 1° ~ 
ASCIl adjust for addition - - fa. 


- SUBTRACTION. 


Subtract byte or word 


| ADD | 
[ADC 


oi 


| Subtract byte ar word with borrow. 


[CMP | Compare byte orword ———~d: 


- MULTIPLICATION 


Multiply byte of word unsigned - 

IMUL | Integer multiply byteorword | 

ASCIl adjust for multiply 
“DIVISION | 


DIV Divide byte or word unsigned | 
IDIV Integer divide byte or word 


2 _ ASCll adjust for division 


(ewo— 


Convert byte to word | 


Convert word to doubleword. 


Figure 1-17. Arithmetic Instructions 
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tents of register CL, allowing the shift count 
to be a variable supplied: during program 
execution. Bytes and words. also may , be 
rotated. Bits rotated. out. of an operand are 
not lost as ina shift but are circled back into 
the. other end of the operand. 


POWERFUL STRING PROCESSING 


Five basic string instructions called primitives 
allow. a string. of bytes or words. to be oper- 
ated on,, one byte. or. word.at a time. Strings 
of up to 64K bytes | may be manipulated with 
these instructions. Instructions are available 
to move data from’ a source string toa desti- 
nation ‘string, or to. compare ‘two strings, or 
to scan one string for’ ‘a given value. In addi- 
tion, string instructions are provided to move 
string elements to and from the AX register 
in the 8088 (Fig. 1- 19). 7 


The specified operation is performed only 
once when the string primitive 1S encountered 


LOGICALS en 


| _ ‘Not’ byte or word 
=. **And’* byte or word 


, “Inclusive or’ byteorword 


“Exclusive or’ byteorword | — 


eS e OyNore : 
SHIFTS - 


: SHL/SAL ree left | 
ee Te byte orword | 
| 7)” Shift logical right byte or word. 
. |. Shiftarithmetic right byte or: 
 * word 


ROTATES: | . Sa 


| Rotate through carry left byte _ 
‘:. Orword — 


in the program. If the programmer desires 
the operation to be performed repetitively, 
such as in a block or string manipulation 
operation, the basic string primitive may be 
proceeded by:a special one byte “prefix” that 
causes the instruction to be repeated by the 
hardware. This prefix is called REPEAT. 
The use of the REPEAT prefix allows long 
strings to be processed much faster than 
would be possible with a software loop. The 
repetitions can be terminated by a variety of 
conditions and a repeated. operation may be 
interrupted and resumed. The CX register 
counts the number of times the otane opera- 
tion is performed. 


When the 8088 moves a 16-bit quantity, it 
does so 8 bits at a time automatically in the 
hardware. Because of the variety of string 
operations and: the fact the 8088 can move 
both 8-bit and 16-bit quantities using its 
string instructions, the 8088 has the most 
powerful string processing capabilities of any 
8-bit microprocessor. 


The program transfer instructions are e shown 


in Figure 1-20. These instructions redirect the 


flow of instruction execution to other loca- 


tions in memory and many of them are 
aes to instructions found 1 in other 8-bit 


“ MOVS - : 


Move Byte of eer string | 


| movsB/Movsw | Move byte or word string 


SCAS _ 
| LODS | 


Compare byte or word 
string 


Scan byte or word string 


Load byte orword string 


STOS Store’ bye orword string | 


| i 
vie 


{| REPNE/REPNZ 


Repeat while equal/zero — 


| REPE/REPZ 


Repeat while not 
equal/not zero 


--Figure 1-19. String Instructions 
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microprocessors. The 8088, however, offers 
much more flexibility in how an instruction is 
_ performed. The unconditional transfer instruc- 
tions may transfer control to a_ target 
instruction within the current code segment 
for an intrasegment transfer, or to a different 
code segment with an intersegment transfer. 
The transfer is made unconditionally any 
time the instruction. is executed. An intra- 
segment transfer.is always made relative to 
the current. value of. the instruction pointer. 
Program segments which only use .intraseg- 
ment transfers are, therefore, relocatable in 
memory. The .conditional transfer instruc- 
tions may or may not transfer control, 
depending on the state of the CPU flags at 
the time the instruction is executed. 


The 18 instructions (Fig. 1-20), each test a 
different combination of flags for a condi- 


tion. If the condition is true, control 1s 
transferred to the target address specified for 


the instruction. If the condition is false, then 


JE/JZ jamal equal/zero 
JGE/JNL- 


— 


Jump if less or equal/not greater 


NO Jump if not overflow 


JNP/JPO |Jumpif not parity/parity odd 
Jump if not sign 


jo Jump if overflow 
—— cai if paritipauly even 


| 
— 


‘ SG/JNLE | Jump if greater/not less nor oe LOOP. 


Jump if greater or equal/notless - 


LOOPE/LOOPZ ‘Loop if equal/zero 
JL/JNGE | Jump ifless/not greater nor equal OOENE TOON 


INC | Jump if not carry eer ae é 
NEUE | Jump if not equal/not zero INTERRUPTS 


INT 


+ | INTO aE a Interrupt if overflow | 


control: passes to the instruction that follows 
the conditional jump. 


The iteration control instructions pene the 
répetition of software loops. These instruc- 
tions use thé CX register as a counter. The 
LOOPNE instruction for instance decre- 
ments a count, checks to.see if the count is 
zero, and branches back to the beginning of 
the program loop. The equivalent function 
would require “multiple instructions in an 
older 8-bit instruction set, such as the 8080's. 


The. interrupt instructions allow interrupt 
service routines to be. activated by both pro- 
grams and external hardware devices. The 
effect of software initiated interrupts is sim- 
ilar to hardware initiated interrupts. 


The processor control instructions (Fig. 1-21) 
allow programs to control various CPU func- 
tions to update flags and to synchronize the 
8088 with external events. Finally, the NOP 
instruction causes the 8088 CPU to do 
aera: 


Call procedure 


ITERATION CONTROLS | 


Loop if not equal/notzero . : 
mae régister CX = 0 


Haters pt 


Interrupt return 


_ Figure 1-20. Bi cacaii Transfer Instructions 
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Well-Planned Instructions . , 
The 8088 instructions can be from one ‘byte 
to seven .bytes in length, depending on the 
number of’operands: and immediate data 
fields included in the instruction. Great care 
has been taken in the design of the instruc- 
tion set to allow for efficient programs to be 
written. The 8088 instructions need not be 
word aligned (starting at even addresses) con- 
trary to many other 16-bit instruction sets, 
therefore saving bytes otherwise wasted. It.is 
also possible to use one-byte constants, one- 
byte displacements, and jump offsets, saving 
code when. compared with other machines 
that always require 16-bit quantities be used. 


The 8088 instruction set also has been 
designed such that some registers are always 
used for certain functions. The CX register, 
for example, is used for a count value by 
‘some repetitive instructions. This implied use 


of registers allows shorter programs because 
the register address need not be contained 1 in - 


those instructions. 


Because of the symmetric use of memory pi 
the ability to build sophisticated data ‘struc- 


Set carry flag 
Clear carry flag 
ee carry flag 


= direction flag 
Set interrupt enable flag 


FLAG OPERATIONS | - 


roe 
See 
ro 
rau 


Clear interrupt enable flag _ 


tures using the 8088 addressing modes, the 
8088’s instruction set is ideal for the imple- 
mentation of higher level languages. And 
because the instruction set is bit-efficient, the 
higher level language programs consume less 
memory... Benchmarks have shown that the 
8088 can generate both assembly language 
and higher level language programs with 30% 
less source and object code than other 8- and 
16-bit microprocessors. This code savings 
results in both higher performance and lower 
memory cost. The instruction set of the 8088 
1S discussed i in more detail in Chapter 2: 


INTERFACING THE 8088 IS EASY, 
FLEXIBLE 

We have talked at some signeth about what 
goes on inside the 8088, what its instruction 
set is and the resources available for the pro- 
grammer. Following is a- brief overview of 
how the 8088 interfaces with other compo- 
nents in an iAPX 88 system. 

Figure 1-22 is a simple diagram showing 
some of the bus interface lines that are pro- 
vided on the 8088.CPU chip. The 8088 is 
shown here opposite the 8085A, another 
popular 8-bit microprocessor, to emphasize 
the similarity between the two interfaces. 
Both the 8088 and the 8085A time-multiplex 
the low order 8 bits of the address bus with 
the 8- bits of the data bus. This means that 
during part of an 8088 machine cycle, the 8 
bits of the multiplexed bus (ADg-AD7) con- 
tain address information, and during the 
remainder of the machine cycle the same 8 


lines contain data being transferred to/from 


the 8088. On both the 8088 and the 8085A 
there is a control line, called ALE, which sig- 
nals when the multiplexed address and data 


‘lines contain address information. ALE can 


be used to enable an external latch to latch 
up the address for the remainder of the 
machine cycle. 
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The next higher order address lines, Ag 
through Ajs5, are present: throughout the 


machine cycle on both the 8088 and the 


8085A. Note that the 8088 has four other 
address lines, A;¢ through Ajg not present 
on the 8085A and which the 8088 time+ 
multiplexes with: status information during 
the machine cycle. 


The three control lines RD, WR, and 1/0 M 
signal the actual data transfer during ° a 
machine cycle, whether the 8088 is reading or 
writing, and whether that transfer is taking 
place with respect to I/O devices or memory 


devices. Also, the 8088, like the 8085A, has 
other . lines. containing cycle status .infor- 
mation available at, the beginning of. the 
machine cycle to inform other. devices in the 
system what type of. machine Syole 1S: being 
performed. : 3 


There are several other eouiteor lines used 
with the 8088 such as interrupts, HOLD, 
READY. See ss ess 3 for details. 


Using Special Multiplexed Bus Parts. | 


Because the 8088 is so much like the 8085A, 
you may connect the 8088 directly to a whole 
family of multiplexed bus components de- 


couse’ 


i STATUS 
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_ 8088 IS AN EASY UPGRADE FOR EXISTING 8-BIT SYSTEMS... 


Figure 1-22. 8088 Bus Interface is Similar to 8085 . 
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signed.for the 8085A, without additional 
interface logic. Figure 1-23 shows just a small 
system. The ‘multipléxed bus components are 
the 8155,. the 8355, 8755A, and the 8185. 
Each: of these contains an internal address 
latch that: demultiplexes internally the ‘8088's 
bus. The multiplexed bus devices are highly 
integrated as they combine multiple functions 
to provide a low cost, high-functionality sys- 
tem in a very small number of components. 
The 8155. contains 256 bytes of static RAM, 
22 parallel. 1/O lines, and a 14-bit timer/ 
counter: The 8355 and 8755A contain, 2K 
(2048). bytes of either. ROM or EPROM, and 
16, parallel I/O. lines. The 8185 is a 1K, byte 
static RAM in a narrow 18-pin package. 
Note also in Figure 1-23 that the 8088 uses an 
external clock generator chip called the 
8284A.There _is another multiplexed-bus 
memory called the 21821, brand new, that 
adds 4K bytes of RAM memory to an iAPX 
88 system. 


BUILDING A STANDARD.INTERFACE | 


Most applications; of course, require more 
memory or 1/O capacity than provided bya 
multiplexed bus system like the one just des- 
cribed. In the average system, the designer 
would like to use some commonly available 
non-multiplexed RAM chips for data stor- 
age, some standard EPROM or ROM chips 
for program storage and some special peri- 
pheral devices. To build a standard non- 
multiplexed ‘bus structure, a whole family of 
Support components are provided for use 
with the 8088. These support devices are 
shown i in ah 1-24. . 


The 8088's bus can be demultiplexed very 
easily using an 8282 or 8283 latch as shown in 
Figure 1-24. The 8282 is a non-inverting 8-bit 
latch in a narrow 20-pin package. The 8283 
provides inverted outputs over the bus (“1” 
inputs become “0” outputs and vice versa). 


Figure 1-23. Multiplexed Bus Components for Low Chip-Count Applications 
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To provide extra drive capability for thé data 
lines, the 8286 and 8287 8-bit transceivers are 
available; the 8287 being the inverting version 
of the 8286. Also shown in Figure 1-24 is the 


8288 bus controller. This optional system 


device decodes some status information 


coming from the 8088 CPU to provide 
special control signals for the bus. The 8288. 


provides separate memory read, memory 
write, I/O read, and I/O write control 
signals. Without the 8288, 
compatible RD, WR, and oe signals 
would be used. 


Also shown in Picuie 1-24 is ‘he 8289 as 
arbiter. It is also an optional component used 
in multi-master iAPX 88 systems. A multi- 
master system could be one where multiple 


8282/83 
TRANSCEIVER LATCH 


the 8085A- 


8088's share control of the multi-master bus. 
At any one point in time, only one of the 
several 8088s would be allowed to take 
control of the bus to access a shared resource 
such as a memory. Each 8088 would have its 
own 8289 bus arbiter. Handshaking signals 
between the 8289's ensure that only one of 
the possible masters takes control of the bus 
at a time, thus Pr uene conflicts between 
them. : 


Once the standard bus structure is created, 
the 8088 interfaces easily with ‘standard 
memory and peripheral devices.’ In fact; the 
performance requirement on memory devices 
and peripherals imposed by an 8088 is much 
lighter than any other nigh petormalice 8-bit 
microprocessor. 


CONTROLLER ARBITER 


a t 


MULTIMASTER BUS 


Figure 1-24. iAPX 88 Bipolar Support Components — 
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iAPX 88 PERFORMANCE IS 
COST EFFECTIVE : 

Figure 1-25 shows the 8088’s memory speed 
requirernents compared to other 8-bit micro- 
processors. The memory access times listed 
refer:to the time available from when -the 
address first comes out of the.CPU during a 
memory read machine cycle: until the data 
must ‘be available coming back oo the 
memory into the CPU. . 


The 8088 running at SMHz allows 460ns for 
memory devices to receive the address ‘and 
return the data. The fastest Z80 and the fas- 
test 6809 ‘allow only 140ns and - 320ns 
respectively for the same activity, to take 
place. This means that the 8088 can offer its 
full performance while ‘using slower and pre- 
high- performance 8 - bit micropro- 
cessor. 


Note that decolding to. the benchinark 
reports in the Appendix, the SMHz 8088 use 


slower memories while offering an average of _ 


30% more performance than either the 
‘2MHz 6809 or the 6MHz Z80B. 


How does the 8088 offer higher performance 


yet use slower memory devices? The main 


reason is that parallel instruction fetch and 
execute using the instruction pipeline allows 


the bus interface to be much more relaxed 
while'‘execution takes place at the full speed. 
The 8088 can run at full speed using readily 
available 450ns EPROM devices whereas its 
counterparts, the 68B09 and Z80B require 
wait states in their machine cycles to do the 
same. : 


betes 


FLOATING POINT ARITHMETIC 

AND HIGH SPEED I/O 

Up to now, we have justified that the 8088 
CPU offers a lot of performance of its own 
right, and many systems will be built around 


the 8088 as the only central processing unit. 
‘Note that there are other ways to expand on 


the 8088 architecture to. add additional pro- 


cessing: power to the basic CPU. These 


additional processing modules are called pro- 
cessor. extensions. There are two processor 


extension chips that can. be added to the 


iAPX 88.system (Fig. 1-26). 


_ Numerics Processor Extension 


The iAPX 88/20 is an optional numerics 
processor extension (NPX) added alongside 
the 8088 CPU. This configuration has the 


__ effect of adding the additional set of numerics 


instructions to the 8088 instruction set. The 


- NPX picks its own instructions ‘out of the 


Figure 1-25. iAPX 88: Longer Memory Access Time 
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8088 instruction stream. The instructions that 
the NPX interprets as special purpose numer- 
ics instructions are regarded almost like 
“no-operations” for the 8088. The NPX con- 
tains an additional register set of eight 80-bit 
floating point registers which are mani- 
pulated with by the additional numerics 
instructions. Together, the 8088 with the 
NPX have approximately 100 times the per- 
formance of a standalone iAPX 88 system 
for numerics-intensive applications. 


I/O Processor 


The 8089 IOP, on the other hand, does not 
receive instructions from the 8088 instruction 
stream. It:is a separate microprocessor of its 
own right with its own instruction set. The 
IOP is an input/output channel processor 
and off-loads I/O interfacing from the 8088 
general purpose CPU. The IOP’s instruction 
set, different from the 8088, is specifically tai- 
lored for peripheral control and high :speed 
data transfer. With the IOP, it is possible to 


8087 
CPU 


ARBITRATION 


~ SYSTEM BUS 


configure a dual-bus system, where the 8089 
interfaces with peripheral devices on a Separ- 
ate “local” bus. while the 8088 runs its 
application programs in parallel, interfacing 
with memories over the system bus. 


The IOP has a high-speed direct memory 
access’ (DMA) ‘mode. that transfers. data 
between memory and peripherals or between 
memory and memory at 1.25: megabytes per 
second. The IOP is also capable of on-the-fly 
processing activities such as masked com- 
parison operations or data translations. If 
you have an application that requires very 
high performance floating point numerics 
capabilities, numerous peripheral devices, or 
very high performance peripheral « devices, the 
NPX and IOP should be considered for 
inclusion i in your system. More. information 
on these devices is contained in other manu- 
als from Intel. This book will focus on single 
CPU-systems build around the 8088 alone. 


LOCAL I/O BUS 


PERIPHERALS 


PERIPHERALS 


ARCHITECTURE EXTENDS FOR EVEN MORE PERFORMANCE 


Figure 1-26. iAPX.88 Processor‘Extensions. 


1-18 


INTRODUCTION 


REVIEW 


This chapter has provided a basic intro- 
duction to the 8088 CPU and iAPX 88 
systems. 


The 8088’s pipelined architecture efficiently 
uses the available bus time to maximize CPU 
performance and make it possible to get 
increased performance, even with slower 
memory devices. 


The 8088's register set makes a large number 
of 16-bit registers available and some registers 
have special functions allowing more efficient 
instruction encoding for compact programs. 


The 8088's addressing modes provide quick 
access to complex data structures. 


The 8088s instruction set includes powerful 
16-bit instructions that lead to smaller pro- 
grams because many 8088 instructions replace 
multiple instruction sequences in other 8-bit 
machines. 


The smaller 8088 programs run faster. 


With the 8088, it is possible to build lower- 
cost systems than with other 8-bit micro- 
processors because the 8088 requires less 
code memory and runs at high performance 
with less expensive memories than other 8-bit 
machines. 


Interfacing the 8088 to 8-bit systems is easy 
with processor extension chips that further 
increase the 8088’s performance through 
parallel processing using specialized I/O and 
numeric instructions and registers. 


The 8088 is a unique CPU with optimal 
combination of performance, ease of use, and 
system economy that meets the needs of sys- 
tem designers in the 1980's. 


The following chapters describe iAPX 88 


software, hardware, and system design in 
more detail. 


IAPX 88 Architecture 
And Instructions 


-~ CHAPTER 2 — 
THE iAPX 88 ARCHITECTURE AND INSTRUCTIONS 
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This chapter describes the programmer’ S 
architecture of the 8088 CPU. The pro- 
gramming model is presented first, including 
the memory and I/O port organizations and 
the CPU registers. The addressing modes are 
described next, followed by an introduction 
to the instruction set and the iAPX 88 
assembly language. The i:APX 88 instruction 
set reference pages that describe each instruc- 
tion in detail conclude the chapter. | 


iAPX 88 ARCHITECTURE 


The 1APX 88 processor architecture. com- 
prises a memory structure, a register.structure, 
an instruction set, and a set of. addressing 
modes. The 8088 CPU can access up to,.one 
million bytes of memory and up to.64K i input/ 
output ports. 


The 8088 has three register files: 


‘1}) data registers to hold intermediate results; 
2).-pointer and index registers to reference 
within specified*portions of memory; © 

3) segment registers used to ny these DOr: 
tions of memory. a : 


The 8088 has nine flags that are used to 
record the state of the processor and to con- 
trol its operations. | 


The 8088 instruction ‘set. and. addressing 
modes are richer and. more ‘symmetric than 
the 8080. And the 8088 external interface, 
providing such things as interrupts, multip- 
rocessor synchronization, and resource shar- 
ing, exceeds the facilities’ provided in the 
8080, the 8085, or the Z80®. 


Memory Structure 

The 8088 input/ output space and memory 
space are treated in parallel and are collec- 
tively called the memory structure. Code and 
data reside in the memory space while (non- 
memory-mapped) peripheral devices reside i in 
the I/O space. i 


280 is a registered trademark of Zilog Seip 


, 16-bit segment registers. 
8080 memory structure is simply the 8088 


Memory Space 

The memory in an iAPX 88 system is a 
sequence of up to one million bytes (a 64-fold 
increase over the 8080). An 8088 word is any 
two consecutive bytes in memory. Like the 
8080, words are stored in memory with the 
most signifi cant cise at the aad memory 


address. 
The.one-megabyte memory can be. conceived 


of as an arbitrary number of segments, each 


containing at.most 64K bytes. The starting 


address.of each segment is evenly divisible by 
16 (the four least significant address bits are 
0).. At any moment, the program can imme- 
diately access the contents aot four. auch 
segments: : 


1) Current code segment 
2) Current data segment 
3): Current stack segment 
4) Current extra segment 


-Each of these segments can be identified by 
' placing the 16 most significant bits of the 


segiment starting address into one of the four 
By contrast, the 


memory structure with all four of the current 
segments starting at 0. 


An 8088: instruction can refer to ‘bytes or 


words within a segment by using a 16-bit 
offset address. The processor constructs the 
, 20-bit byte or word address automatically by 
.adding the 16-bit offset address (also called 


the logical address) to the contents of a 16-bit 


segment register, with four low-order zeros 
appended (Fig. 2-1). - 


Input/Output Space 


The 8088 I/O space consists of 64K ports (a 
_256-fold increase over the 8080). Ports are 
addressed the same way as memory. except 


there are no port segment. registers. That is, 
all ports are considered to, be in one: segment. 


Like memory, ports si be 8- or 16-bits i in 


size. 
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The first 256 ports are directly addressable | 


(address in the instruction) by some input/ 
output instructions, other instructions let you 
address the total 64K ports indirectly (address 
in a register). 


REGISTER STRUCTURE 


The 8088 processor contains the thirteen 16- 
bit registers and nine 1-bit flags shown in 
Figure 2-2. Notice that the thirteen registers 
are divided into three files of. four registers 
each plus the thirteenth register, namely the 
instruction pointer (IP) (called the program 
counter in earlier processors). The IP is 
not directly accessible to the programmer; 
it is manipulated with control-transfer 
instructions. 


Data Register File . 

The data registers (top file Fig. 2-2) can be 
addressed as either 8- or 16-bit registers. 
(Note vertical line showing byte divisions). 


15 


Bf ‘ < 0 ; 
“LOGICALADDRESS |QFFSET . 


15 


SEGMENT REGISTE 


SEGMENT 


[oon 


ADDRESS 
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Figure 2-1. How to Address One Million Bytes. 
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- The data registers handle both byte and word 


quantities with equal ease. Figure 2-2 shows 
that the 16-bit registers are named AX, BX, 
CX, and DX; and the 8-bit registers are 
named AL, AH, BL, BH, CL, CH, DL, and 
DH (the L or H suffix designates high-order 
or low-order byte). 


Generally, the data registers participate inter- 
changeably in both arithmetic and logical 
operations of the 8088. However, some 
instructions (e.g. string instructions) require 
certain general registers for specific uses. Fig- 
ure 2-3 shows which registers are implicitly 
used for special operations. Notice how Fig- 
ure 2-3 relates to Figure 2-2. 


To review, data registers may be addressed as 
either 8-bit or 16-bit registers as shown in 
Figure 2-2. The registers in the next 2 files are 
addressed only as 16-bit registers. _ 


Pointer and Index Register File | 

The pointer and index registers of the 8088 
consist of the 16-bit registers SP, BP, SI, and 
DI as shown in Figure 2-2. These registers 
usually contain offset addresses for address- 
ing within a segment. They reduce program 
size by eliminating the need for each instruc- 
tion to specify frequently used addresses. 
These registers serve another (and perhaps 
more important) function; they provide for 
dynamic logical address computation as des- 
cribed in the section on operand addressing 
below. To accomplish this, the pointer and 
index registers participate in arithmetic and 
logical operations along with the 16-bit data 


registers described above. 


Figure 2-2 shows this file divided into the 
pointer subfile (SP and BP) and the index 
subfile (SI and DI). The pointer registers 
provide convenient access to the current 
stack segment (as opposed to the data seg- 
ment). Unless otherwise specified in the 
instruction, pointer registers refer to the cur- 
rent stack segment while index registers refer 
to the current data segment. 
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In certain instances, specific uses of these 
four registers are indicated by the mnemonic 
phrases “stack | pointer,”. “base “pointer,” 
“source index,” and. “destination index. _ (Fig. 
2-2). eka uy WERRERP zs 
Segment Register File ih i 
The segment registers’ of the 8088 are 16-bit 
registers. These registers specifically identify 
the four currently addressable memory ség- 
ments: CS (code segment), DS (data segment), 
SS (stack. segment), and ES (extra segment). 
All instructions are > fetched from the current 


code.segment offset by the instruction pointer 
(IP):: register. The. segment: for operand 
fetches can usually be designated by append- 
ing a special one-byte prefix to the instruc- 
tion. This prefix, and other prefixes.described 
later;.has.unique encoding that distinguishes 


it fromthe: opcodes. In the absence of such a 


prefix (the usual case), the operand is usually 


fetched from the current data segment.or‘cur- 


rent stack. segment, depending on whether 
the offset address was calculated from the 
contents of a pointer register. 


DATA \/ REGISTERS. - 


07 


‘STACK POINTER 
BASE POINTER 
| SOURCEINDEX =~. 
_ DESTINATION INDEX 


_INSTRUCTION POINTER AND FLAGS 
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Figure 2=2. 8088 Register Structure = ey 
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Programs can be dynamically relocated. by 
changing the segment registers,: provided the 
program itself does -not load or a 
the segment registers. : 


Flag Register File 

Six flags provide processor status informa- 
tion (Fig. 2-2). Five are the 8080/8085 flags 
and usually reflect the status of the latest 
arithmetic or logical operation. The sixth, an 
OVERFLOW flag, reflects a signed overflow 
condition. . 


The 8088 also contains three flags that con- 
trol processor operations. These are the 


DIRECTION flag, which controls the direc- _ 


tion of the string manipulations; the INTER- ~ 


RUPT FLAG, which enables or disables 


low nibble of an.8-bit quantity (low-order 
byte of.a 16-bit quantity). This wa is used by 
decimal arithmetic instructions. 

2) If CF (the carry flag) is set, there has been 
a carry out of, or a borrow into, the high- 
order bit of the result (8--or 16-bit). The flag 
is used by instructions that add and subtract 
multibyte numbers. Rotate instructions can 
also isolate a bit in memory.or a.register by 
placing it in the carry flag. 

3). If OF (the overflow flag) is set, an hati 
metic overflow has occurred; that is, a signifi- 
cant digit has been lost because the size of the 
computation exceeded the capacity of its des- 


_ tination location. An optional Interrupt On 


’ Overflow instruction generates an interrupt 


external interrupts; and the TRAP flag, © 
which puts the processor into a single-step | 


mode for program debugging. 


A more detailed discussion of the flags 
follows: 


1) If AF (the auxiliary carry flag) is. set, there. 


has been a carry out of the low nibble (the 
low order 4-bits of a byte) into the high nib- 
ble or a borrow from the high nibble into the 


Word Multiply, Word Divide, 


Word 1/O 


Byte Multiply, Byte Divide, Byte 
1/O, Translate, Decimal 
Arithmetic 


Byte Multiply, Byte Divide 


Word Multiply, Word Divide; 
Indirect !/O 


Stack Operations 


String Operations © 


a 
a 
a 
Co 


Figure 2-3. Implicit Use of General Registers © 


‘| REGISTER OPERATIONS ~ . 
AX 


[xaae | 
Variable Shift and Rotate ; 


String Operations | 


. interrupts. 


in this situation. ~ | 

4) If SF (the sign flag) is set, the high-order 
bit of the result is a 1. Since negative binary 
numbers are represented in the 8086 and 8088 
in standard two’s complement notation, SF 
indicates the sign of the result (0 = positive, | 
=. negative). 


3) If PF (the parity flag) is set, the result has 


even parity, an even number of 1-bits. This 
flag can be used to check for data transmis- 


- gion errors. 


6) If ZF (the zero flag) i is set, the result of the 


operation is 0. 


Three additional control flags (Fig. 2-2) can 


be set and cleared by programs to alter pro- 


cessor operations: | 

1) Setting DF (the direction flag) causes 
string instructions to auto-decrement, that is, 
to process strings from high addresses to low 
addresses, or from “right to left”. Clearing 
DF causes string instructions to auto- 
increment, or to proces strings from “left to 


right.” 
2) Setting IF (the interrupt-enable flag) 
allows the CPU to recognize external (mask- 
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’~ able) interrupt requests. Clearing IF disables 


these interrupts. IF has no effect on either 
nonmaskable external or internally generated 
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3) Setting TF (the trap flag) puts the proces- 


Sor into single-step mode for debugging. In 


this mode, the CPU automatically generates . 
an internal interrupt after each instruiction, . 
allowing a program to be inspected as it exe- 


cutes instruction by instruction. 


Instruction Pointer : 
The 16-bit instruction pointer (IP), as shown 
in Figure 2-2, is analogous to the progiam 
counter (PC) in. the: 8080/8085 CPUs and 


points to the next instruction. The instruction 


pointer contains the offset (distance in bytes) 


of the next instruction-from the beginning of 
the current code segment. During normal 


execution, IP contains the offset of the next 
instruction to be fetched. Whenever IP is 
saved on the stack, however, it first is auto- 
matically adjusted to point to the next 


instruction to be executed. Programs.do not . | 
have direct access to: the instruction pointer, 


item’ is popped off the stack by copying it 
from. TOS and incrementing SP by 2. In 
other words, the stack grows down in 


“memory toward its base address. Stack oper- 


ations never move items on the stack, nor do 
they erase them. The top-of the stack changes 
only as a result of updating the stack pointer. 


_ ADDRESSING MODES 
- Instructions in the 8088 usually sedori 


but instructions cause it to change and to be 


saved on and restored from the stack. 


Stack Implementation 


The 8088’s stack is implemented in mémory 


and is located by the stack segment register 
(SS) and the stack pointer register (SP). A 
system may have an unlimited number of 


operations on one or two source operands,. 


with the result overwriting one of the oper- 
ands. The first operand of.a two-operand 


instruction can be usually either a register or 
a memory location; thé second operand can 
be either a register or a constant within the 
instruction. (The terms first and second oper- 
and are used to distinguish the operands only 


_ — their use does not imply directionality for 


data’ transfers). Typical formats for two- 


_Operand instructions are. shown in Figure 2-4. 


 Single-operand instructions generally allow 
- either a register or a memory location to 


stacks, and a stack may be up to 64K bytes _ 
. Memory Operands 


long, the maximum length of a segment. (An 


attempt to expand a stack beyond 64K bytes 


overwrites the beginning of the stack). One 
stack is directly addressable at a time; this is 
the current stack often referred to simply as 
“the” stack. SS contains the base address of 
the current stack and SP points'to the top of 


the stack (TOS). In other words, SP contains . 
the offset of the top of the stack from the © 
stack segment’s base address. Note, however, = 


that the stack’s base address ipoonsined in 


SS) 1 is not the “bottom” of the stack. 


remove one word (2 bytes) at a time. An item 
is pushed onto the stack by decrementing SP 


by 2-and writing the item at the new TOS. An 


serve as the operand. Figure 2-4 also shows a 
typical one-operand. format. Virtually all 
8088 operators may specify ‘8- Or 16-bit 
operands. 


An instruction may address an operand resid: 
ing in memory. in one of the following ways, 
as determined by the “mod” and “r/m” field 
in the instruction (Fig. 2-5): 


DIRECT ADDRESSING — 16-bit offset address 


contained in the isteuclor : 


_ INDIRECT ADDRESSING — optionally with. 
_ an 8- or 16-bit displacement contained in the. 


instruction: — 
1) through a base register (BP or BX) 


2) through an index register (SI or DI) 
Instructions that operate on a stack add. or 


3) through the sum of a base register and an 


Index register 
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TWO OPERAND FORMAT, SECOND OPERAND a REGISTER 


[eT TA Scoxaca) 


° (optional) 
(rate ~ J ) (oT sa J 
- (optional) «|. 3 (optional) 


TWO OPERAND FORMAT, SECOND OPERAND IS. CONSTANT 


: [oo] see Tro] [OPpcoDE |S|w] © [MOD JOPCODE RIM. : 
ee (optional) ae 

(eee Coa: * ey 
. (optional) " 7 (optional) oe ae 


_ toatenall 


ie ONE OPERAND FORMAT. 


[ai [Ses Tw] escort ci ~ [MOBTOPCODET RTM]. 


(optional) _ 
oe ~~ 5sm--J 
(optional) : ~ (optional) 


FOR DEFINITION OF MOD AND R/M FIELDS, SEE FIGURE 2-5. 


OTHER BIT FIELDS: 


W = 0: 8-BIT OPERAND(S). 
1: 16-BIT OPERAND(S) 


D =0: DESTINATION IS FIRST OPERAND 


1: DESTINATION IS SECOND OPERAND 


~§ =0:DATA= DATA HI, DATALO | APPLIES IF 
1: DATA = DATA- LO SIGN EXTENDED — W=1 


REGISTER | 


any SEGMENTREG | 
o | ~ ES | 


Figure 2-4. Defining Bits in Instructions with One and Two Operands 
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FIRST OPERAND CHOICE DEPENDS ON ADDRESSING MODE: 


FIRST OPERAND IN MEMORY FIRST OPERAND 


INDIRECTADDRESSING — | DIRECTADDRESSING PRESSED a 
00: DISP=0_— MOD =00 3 - 
‘MOD =01 :DISP=DISP-LO SIGN AND — MOD = 11 7 
10 DISP DISP-HI, DIS iain | 

: DISP.= DISP-HI, DISP-LO | — 
———— OPERAND EFFECTIVE REGISTER 
“| > OPERAND | ADDRESS = R/m: | 8-BIT | 16-BIT 
: | EFFECTIVE ADDRESS - DISP-HI, DISP-LO (w=0) | (W=1) 


(BX) + (SI) + DISP 
(BX). + (DI) + DISP 
(BP) + (SI) + DISP. 
(BP) + (Dl) + DISP 
(Sl) + DISP 
(DI) + DISP 
(BP) + DISP 
(BX) + DISP 


- Where( ) means ‘‘contents of” | 
*Exception—direct addressing mode 


Figure 2-5. Determining First Operand 


+f 


DATA DATA MEMORY. | 


aaa WITHOUT BASE _ WITH BASE 


SIMPLE - 


* 


BP + Sl | 
BP + DI 
ARRAYS S| + OFFSET BX + SI + OFFSET BP +SIl+ OFFSET © 


OF RECORDS DI + OFFSET | BX + DI + OFFSET BP + DI + OFFSET 


Figure 2-6. Effective Addresses Used with Different Data Structures 


: BASE '- BASE aie 
TinswoctonFeich sno 
[sting estnaion isn 


Figure 2-7. 8088 Address Components 
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Register Operands - 


An instruction may address an operand resid- 


ing in one of the general registers or in one of 
the pointer or index registers. Fig. 2-5 shows 
the register selection as determined by the 


“r/m’” field (first operand) or the “reg” field © 


(second operand) in the instruction. 


immediate Operands 

In general, one of the two operands of a two- 
operand instruction can be “immediate” data 
contained within the instruction. These oper- 
ands are represented in 2’s-complement form 
and may be 8-bits or 16-bits in length. 


Addressing Mode Usage 


memory address. The 8088 Assembly lan- 


’ ‘guage. simplifies the task of selecting the 


The addressing modes were designed to per- | 


mit efficient implementation of high-level 
language features. For example, a simple var- 


iable is accessed with the direct mode, 


whereas an array element in a based record 
(at a memory address pointed to by some 


other base variable) may be accessed within 


the indirect-through-BX-plus-SI-plus-offset 
mode (where BX points to start-of-record, 
offset points to the start of the array within 
the record, and index register SI contains the 
index into the array). 


The addressing modes involving the BP base © 


register allow accessing data in the stack 


segment instead of in the data segment. Rec- 


ursive procedures and block-structured langu- 
ages frequently store data in the stack. 
Address modes for accessing data elements 
use effective addresses shown in Fig. 2-6. 


Addressing Summary 

Fig. 2-7 summarizes the address components 
that are combined to generate memory 
addresses. The Default segment base is the 
segment register automatically chosen by the 
8088 for the corresponding type of memory 
reference. The Alternate segment base may 
replace the Default segment if a special “seg- 
ment override” prefix precedes the instruction. 
The Logical address is automatically added 


to the chosen segment register to form the 
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desired addressing-modes for use with basic 
8088 instruction types. ~ 


Dedicated and Reserved Memory Locations 


_. Two areas in extreme low and high memory 


are dedicated to specific processor functions 
or are reserved by Intel Corporation for use 


by Intel hardware and software products. As 


shown in Figure 2-8, the locations are: OH 
through 7FH (128 bytes) and FFFFOH 
through FFFFFH (16 bytes). These areas are 
used for interrupt and system reset process- 
ing. iAPX 88 systems should not use these 
areas for any other purpose. Doing so may 
make these systems incompatible with future 
Intel products. | 


RESERVED 
to DEDICATED ——i(<Gséi‘“L;S 


| RESERVED E_is_ln 
| ~ DEDICATED © |. - 


MEMORY 


a Figure 2-8. Reserved and Dedicated ecnory 
Locations 
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The interrupt pointer (or interrupt vector) to service interrupts associated with that 
table (Fig. 2-9) is the link between an inter- code. The interrupt pointer table occupies up 
rupt type code.and the procedure designated to 1K bytes of low memory. There may be up 


‘Ls TYPE 255 POINTER: , 
(AVAILABLE) - 


AVAILABLE — 
-INTERRUPT 
POINTERS 


_' TYPE 33 POINTER: : 
— »« (AVAILABLE) 
TYPE 32 POINTER: 
(AVAILABLE) 


Nene 
VED 


CS BASE ADDRESS 
IP OFFSET © 


Figure 2-9. Interrupt Vector Table in Memory | 
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to 256 4-byte entries in the table, one for each 
interrupt type that can occur in the system. 
Each entry is a doubleword pointer (4 bytes) 
containing the address of the procedure. The 
higher-addressed word of the pointer con- 
tains the base address of the segment 
containing the procedure. The lower- 
addressed word contains the procedure’s 
offset from the beginning of the segment. 
Since each entry is four bytes long, the CPU 
can calculate the location of the correct entry 


for a given interrupt type by simply multiply-- 


ing (type*4). 

Memory location FFFFOH, sixteen bytes 
from the absolute top of the 8088’s address 
range is the first location from which the 
8088 fetches an instruction following a sys- 
tem RESET (the activation of the RESET 
pin on the 8088 CPU chip, usually at the time 
system is powered up). This memory location 
usually contains a jump (JMP) instruction to 
the actual beginning of the system program 
somewhere else in memory. 


ORGANIZATION OF THE INSTRUCTION 
SET 

Instructions are described here in six func- 
tional groups: 

1) Data transfer 

2) Arithmetic 

3) Logic 

4) String manipulation 

5) Control transfer 

6) Processor control 


Each of the first three groups mentioned in 
the preceding list is further subdivided into 
an array of codes that specify whether the 
instruction is to act upon immediate data, 
register or memory locations, whether 16-bit 
words or 8-bit bytes are to be processed, and 
what addressing mode is to be employed. All 
of these codes are listed and explained in 
detail in this book, but when you are writing 
assembly-language programs you do not 


text of your program automatically causes 
the assembler to generate the correct code. 


There are three general categories of instruc- 
tions within each of the three functional 
groups mentioned: 


1) Register or memory space to or from 
register 

2) Immediate data to register or memory 

3) Accumulator to or from registers, mem- 
ory, or ports 


The details of the syntax of the 8088 instruc- 
tion set are described fully in Intel’s iAPX 86, 
88 assembly language programming manual. 


Data Transfer Instructions 

Data transfer instructions are divided into 
four classes: 

1) General purpose 

2) Accumulator-specific 

3) Address-object 

4) Flag 

None affect flag setting except SAHF and 
POPF. 


General Purpose Transfers 

Four general purpose data transfer opera- 
tions are provided and may be applied to 
most operands, though there are specific 
exceptions. The general purpose transfers 
(except XCHG) are the only operations 
which allow a segment register as an operand. 


MOV performs a byte or word transfer from 


_ the source operand to the destination operand. 
PUSH decrements the SP register by two 


and then transfers a word from the source 


operand to the stack element currently 


addressed by SP. 


POP transfers a word: operand from the 
stack element addressed by the SP register to 


the destination operand and then increments 


XCHG exchanges the byte or word source 


operand with the destination operand. The 


have to code each one individually. The con- - 


segment registers may not be operands. of 


XCHG,. — 
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Accumulator-Specific Transfers 
Three accumulator-specific transfer opera- 
tions are provided: 


IN transfers.a byte (or word) from an input 
port to the AL.register (or AX register for a 
word). ‘The port is specified either with an 
inline data byte,. allowing fixed access .to 
ports 0 through 255, or with.a port number in 
the DX register, allowing variable access to 
64K input ports. 


OUT i 1S. similar to IN except that the tanstel 
is from the accumulator to the output port. 


XLAT performs a table lookup byte transla- 
tion. The AL register is used as an index into 
a 256-byte table whose base is addressed. by 
the BX register. The byte operand s SO serie 
is transferred toAL. | 


Address-Object Transfers | 
Three address-object transfer operations are 
provided: : 


LEA (load - effective. haces fanetene: the 
offset address of.the source operand must be 
a memory operand and the destination oper- 
and must be a 16-bit. ene pointer, or 
index register. . 3 


LDS (load pointer into DS) aiden: ‘a 

“pointer-object” (i.e., a 32-bit object contain- 
ing an offset address and a segment address) 
from the SOUICe. operand (which must be.a 
memory operand) to a pair of destination 
registers. The ‘segment address i 1S transferred 
to the DS segment register. The offset 
address must be transferred to a 16-bit gen- 
eral, pointer, or index register. 


LES (load pointer into ES) i is similar to LDS 
except that the segment address i 1S transferred | 


to the ES segment register. 


Flag Register Transfers = 
Four flag register transfer operations are 
provided: ; 7 


LAHF. (load AH with flags) frdnsfer the re 
registers SF, ZF, AF, PF, and CF (the 8080 


2-11 


flags) into. specific bits. of the AH register. 


SAHF (store AH into flags) transfers specific 
bits of the AH register t to the flag reeistet SF, 
ZF, AF, PF, and CF. | 


PUSHF (push flags) decrements the SP reg- 
ister by two and transfers all of the flag 
registers into specific bits of the stack element 
addressed by SP. 


POPF (pop flags) transfers specific bits of the 
stack element addressed by the. SP register to. 
the flag registers and then increments SP. by 
two. yt fe 


Arithmetic Instructions 


The 8088 provides the four basic mathemati- 
cal operations in a variety of instructions. 
Both 8- and 16-bit operations | and both 
signed and unsigned arithmetic are provided. 

Standard twos complement representation « of 
signed values is used. The addition and sub- 
traction operations serve as both signed and 
unsigned operations to be made (see Condi- 
tional Transfer). Correction operations allow 
arithmetic to be performed directly on 
packed or unpacked. cena numbers. ... - 


Flag Register Settings. > 
Six flag registers are set or cleared by arith- 
metic operations to reflect results of the 
operation. They generally follow these rules: 


CF is set if the operation results in a carry out 
of (from addition) or a borrow into (from 
subtraction) the high-order bit of the result; 
otherwise CF is cleared. 


AF ‘is set if the operation results in a carry 
out of (from addition) ot a borrow into (from 
subtraction) the low-order four’ bits of the 
result; otherwise:AF is cleared: | 


ZF is set if the result of the operation 1s ZerO; 
otherwise ZF is cleared. 


SF is set if the high-order bit of the ons of 
the operation is set; otherwise SF is-cleared. | 
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PF is set: if the modulo 2 sum of ‘the low- 
order eight bits of the operation is 0 (even 
parity); otherwise. PF is cleared (odd parity). 


OF is set if the operation results in a carry 
into the high-order bit of the result but not a 
carry out of the high-order bit, or vice versa; 
otherwise OF is cleared. 


Addition 
Five addition operations are provided: . 


ADD performs an addition ofthe two source 
operands and returns the result to one of the 
operands. 


ADC (add with carry) performs an addition 
of the two source operands, adds one if the 
CF flag is found previously set, and returns 
the result to one of the operands. 


INC (increment) performs an addition of the 
source operand and returns the result to. the 
operand. 


AAA (unpacked BCD. [ASCII] aaitee for 
addition) performs a correction of the result 
in AL of adding two unpacked decimal ope- 
rands, yielding an unpacked decimal sum. 
DAA (decimal adjust for addition) performs 
a correction of the result in AL of adding two 
packed seen operands, yielding a packed 
decimal sum. 


Subtraction: | | 
Seven subtraction operations. are : provided: 


SUB performs. a subtraction of the two. 


source operands and returns the result to one 
of the operands. 


SBB (subtract with borrow) en a.sub- 
traction of the two source operands, subtracts 
one if the CF flag i is found. previously set, and 
returns the result to one. of the operands. 


DEC (decrement) performs a subtraction of 
one from the source operand and returns the 
result to the operand. 


NEG (negate) performs as sibuaction of the. 


source operand from zero and returns the 
result to the operand. 
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CMP (compare) performs a subtraction’ of 
the two source operands causing the-flags to 
be affected but does not return the résult. ° _ 


AAS (unpacked BCD [ASCII] adjust for 
subtraction) performs a correction of. the 
result in AL of subtracting two unpacked 
decimal operands, eo an- ee 
decimal difference. | 


DAS (decimal ‘adjust for subtraction) per- 
forms a correction of the result in AL of 
subtracting two packed decimal operands, 
yielding a: peaches decimal difference: 


Multiplication : 
Three multiplication Operarrons are 
provided: 


MUL performs an unsigned multiplication of 
the accumulator (AL or AX) and the source 
operand, returning a double length result to 
the accumulator and its extension (AL and 
AH for 8-bit operation, AX and DX’ for 
16-bit operation). CF and OF are set if the 
top‘ half of the result is non-zero. os 


IMUL (integer multiply) i is similar to MUL 
except that it performs a signed multiplica- 
tion. CF and OF are set if the top half of the 
result is not the Bien extension on the. low half 
of the result. . 


AAM ee BCD [ASCH] adjust for 
multiply) performs a correction of the result 
in AX of multiplying two unpacked decimal 
operands, yielding an unpacked decimal 
product. : pean aa 
Division 
Three division operations ; are provided and 
two sign-extension operations . to ‘support 
signed division: 


DIV performs an unsigned division i the 
accumulator and its extension (AL and AH 
for 8-bit operation, AX and DX for 16-bit 
operation) by the source operand and returns 
the single length quotient to the accumulator 
(AL or AX), and returns the single: length 
remainder to the accumulator extension (AH 
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or DX). The flags are undefined. Division by 
zero generates an interrupt of type 0. 

IDIV (integer : division) is similar to DIV 
except that it performs a signed division. . 
ADD (unpacked BCD [ASCII] adjust for 
vey) peor: a correction of the divi- 
decimal operands, so that the result will yield 
an. unpacked decimal quotient. 


CBW (convert byte to word) performs a ‘sign 
extension of AL into AH: 


CWD (convert word to double word) per- 
forms a sign extension of AX into DX. 


LOGIC INSTRUCTIONS. 


The 8088 provides the basic logic operation 
for both 8- and 16-bit operands. | 


Single-Operand Operations a 
Three. augie-Operand logical SperaHons are 
provided: . 7 | 


NOT forms the ones sotiipieiicat ‘at the 
source operand and returns the result to “the 
operand. Flags are not affected. 


Shift: operations of four varieties are: pro- 
vided for memory and register operands, 
SHL (shift logic left), SHR (shift logic right), 

SAL (shift arithmetic left), and SAR (shift 
arithmetic right). Single bit shifts, and vari- 
able bit shifts with the shift count taken from 
the CL register are available.. The CF flag 
becomes the last bit shifted. out; OF is defined 
only for shifts with count of 1, and set if the 
final sign bit value differs from the previous 
value of the sign bit; and PF, SF, and ZF are 
set to reflect the result value. 


Rotate operation of four varieties are pro- 
vided for memory and register operands, 


ROL (rotate left), ROR (rotate right), RCL 
(rotate. through CF left), and RCR (rotate 
through CF right). Single bit rotates, and vari- 


able: bit rotates with the rotate count taken 


from the CL register are available. The CF. 


flag becomes the. last bit rotated out; OF i is 
defined only for shifts with count of 1, and is 


set if the final.sign bit value differs from the 
previous value of the sign bit. 


‘Two-Operand Operations 
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Four two-operand logical operations are 
provided. The CF and OF flags are cleared 
on all operations; SF, PF, and ZF reflect the 
result. 


AND performs the bitwise logical conjunc- 
tion of the two source operands and returns 
the result to one of the operands. 


TEST performs the same operations as AND 
causing the flags to be affected but does not 
return the result. 


OR performs the bitwise logical inclusive dis- 
junction of the two source operands and 
returns the result to one of the operands. 


XOR performs the bitwise: logical .exclusive 
disjunction of the two source operands and 
returns the result to one of the operands. 


STRING MANIPULATION INSTRUCTIONS 


One-byte instructions perform various primi- 
tive operations for the manipulation of. byte 
and word strings (sequences of bytes. or 
words). Any primitive operation can be per- 
formed repeatedly in hardware by preceding 
its instruction with a repeat prefix. The 
single-operation forms may be combined to 
form complex string operations with repeti- 
tion provided by iteration operations. 


Hardware Operation Control | 

All primitive string operations use the SI reg- 
ister to address the source operands, which 
are assumed to be in the current data seg- 
ment. The: DI register addresses the desti- 
nation operands, which reside in the current 
extra segment. If the DF flag is cleared, the 
operand pointers are incremented after each 
operation (once for byte operations and twice 
for word operations). If the DF flag is set, the 
operand pointers are decremented after each 
operation. See Processor Control for setting 
and clearing DF. 
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Any of the primitive string: instructions may 
be preceded with-a-one-byte prefix indicating 
that the operation is to be repeated until the 
operation count in CX is satisfied. The’ test 
for completion is ‘made prior to. each repeti- 
tion. of the operation. Thus, an initial 
operation count of zero will cause ZeTO exe- 
cutions of the primitive operation. 


The repeat prefix byte also designates. a value 
to compare with ZF flag. If the primitive 
operation is ‘one which affects the ZF flag, 
and the ZF flag is unequal to the designated 
value’ after any execution of the primitive 
operation, the repetition is terminated. This 
permits the scan operation to serve asa scan- 
while or a scan-until.: 

During the execution ‘of a repeated primitive 
operation’ the operand pointer registers (SI 
and DI) and the operation count register 
(CX) are updated after: each repetition, 
whereas the instruction pointer will retain the 
offset ‘address of the repeat prefix byte 
(assuming it immediately precedes the string 
operation instruction). ‘Thus, an interrupted 
repeated operation will be correctly resumed 
when ‘control returns from: the : initerrupted 
You should avoid using the two other prefix 
bytes with a repeat-prefixed string instruc- 
tion. One overrides the default. segment 
addressing for the SI operand and one locks 
the bus to prohibit access by. other bus 
masters. Execution of ‘the repeated string 
operation.will not resume properly following 
an interrupt.if more than one prefix:is: present 
preceding the string primitive. Execution will 
resume one‘ byte before the primitive (pre- 
sumably where the repeat prefix: resides), thus 
ignoring the additional prefixes. | 


Primitive String Operations - : 7 aaa 
Five ptimitive string operations are provided: 


MOVS transfers a byte. or word | operand 
from the source operand to the. destination 
operand. As a repeated operation this moves 
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a string from: one location in memory ° bay 
another. Ae 


CMPS subtracts the destination: ee or word 
operand from the source operand and affects 
the flags but does not return the result. Asa 


repeated operation this compares two strings. 


With. the appropriate repeat prefix it,is pos- 
sible to determine after which, string element 
the two strings become. unequal, thereby 
establishing an ordering. between the strings. 


SCAS subtracts the destination byte or word 
operand from. AL (or AX) and affects the 
flags but does not return the result. As a 
repeatéd operation this scans for the occur- 
rence of, or departure from a given value 1 in 
the string. . 


LODS transfers a byte or word spel 
from the source operand to AL (or AX). This 
operation ordinarily would not be repeated. 


STOS transfers a byte or word operand from 
AL (or AX) to the destination operand. As a 
repeated operation this fills a string with a 
given value. : - 


In all cases above, the source. operand is 
addressed by SI and the destination noperane 
is addressed by DI.. | 


Software ‘Operation Control 

The répeat prefix provides for rapid iteration 
ina hardware-repeated string operation. The 
iteration control operations provide this 
same’ control‘ for’ implementing software 
Idops to perform complex string operations, 
These iteration operations provide the same 
operation count update, operation comple- 
tion test, and ZF flag tests that the idee: 
prefix provides: : 


By combining the primitive string operations 
and iteration control operations with other 
operations, it is possible to ‘build sophisti- 
cated ‘yet efficient string’ ‘thanipulation 
routines. One instruction that is particularly 
useful in this context 1S XLAT; it permits a 
byte: fetched from one string to be translated 
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before being stored in a second string, ‘or 
before being operated upon in some other 
fashion. The translation is performed by 
using the value in the AL register as an index 
into a table pointed at by the BX register. 
The translated value obtained from the table 
then replaces the value initially in the AL 
register. 


Here is an example problem solved by use of 
primitive string operations and iteration con- 
trol operations to implement a complex 
string operation: An input driver must trans- 
late a buffer of EBCDIC characters into 
ASCII, and transfer characters until one of 
several EBCDIC control characters is encoun- 
tered. The transferred ASCII string is to be 
terminated with an EOT character. 


To initialize the translation sequence, SI 
points to the beginning of the EBCDIC 
buffer, DI points to the beginning of the 
receiving ASCII buffer, BX points to an 
EBCDIC-to-ASCII translation table, and 
CX contains the length of the EBCDIC 
buffer (possibly empty). The translation table 
contains the ASCII equivalent for each 
EBCDIC character, perhaps with ASCII 
NULs for illegal characters. The EOT code is 
placed into the table corresponding to 
EBCDIC stop characters. The 8088 instruc- 
tion sequence to implement this example 1s 
the following: | 
Next: 


JCXA Empty 
LODS Ebcbuf 
XLAT Table 
CMP AL, EOT 
STOS Ascbif 
LOOPNE Next — 


;Skip if input buffer empty 
‘fetch next EBCDIC character 
‘translate it to ASCII 

‘test for the EOT © 

‘transfer ASCII character 
‘continue if not EOT 


Empty: 


The body of _ loop requires seven bytes of 


code. 


CONTROL TRANSFER INSTRUCTIONS 
Four classes of control transfer operations 


may be distinguished: 

1) calls, jumps, and returns; 
2) conditional transfers; 
3) iteration control; and 

4) interrupts. 


All control transfer operations cause the pro- 
gram execution to continue at some new 
location in memory, possibly in a new code 
segment. | 


Calls, Jumps, and Returns 

Two basic varieties of call jumps, and returns 
are provided — those which transfer control 
within the current code segment, and those 
which transfer control to an arbitrary code 
segment, which then becomes the current 
code segment. Both direct and indirect 
transfers are supported; indirect transfers 
make use of the standard addressing modes. 


The ‘three transfer operations are described 
below: 


CALL pushes the offset address of the next 
instruction onto the stack (in the case of an 
inter-segment transfer the CS segment regis- 
ter is pushed first) and then transfers control 
to the target operand. 


JMP transfers control to the target operand. 


RET transfers control to the return address 
saved by a previous CALL operation, and 
optionally may adjust the SP register to dis- 
card stacked parameters. 


Intra-segment direct calls and jumps specify a 
self-relative direct replacement, thus allowing 
position independent code. A short jump 
instruction (optional use) transfers +128 
bytes from the current instruction for code 
compaction. . 


Conditional Jumps 

The conditional transfers of control perform 
a jump continuing upon various Boolean 
functions of the flag registers. The destina- 
tion must be ‘Within 256-bytes from the 
instruction. | 
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Iteration Control oe a, oes 

The iteration control feanstet operations per- 
form leading- and trailing-decision loop con- 
trol. The destination of iteration control 
transfers must be within + 256-bytes from the 
instruction. These operations are particularly 
useful with string manipulation operations. 


There are four iteration control transfer 
operations provided: 


LOOP decrements the CX ("count”) register 
by one and transfers if CX is not zero. 


LOOPZ (also called LOOPE) decrements the 
CX register by one and transfers if CX is not 
zero and the ZF flag is set (loop while zero or 
loop while equal). | 

LOOPNZ (also. called LOOPNE) decre- 
ments the CX register by one and transfers if 
CX.-:is not zero and the ZF flag is cleared 
(loop while not zero or loop while not equal). 


JCXZ transfers if the CX “oe is Zero. 


Interrupts | 

Program ‘execution control may be trans- 
ferred by means of operations similar in 
effect to that of external interrupts. All inter- 
rupts transfer by pushing the flag registers 
onto the stack (as in PUSHF), and perform 
an indirect call (of the inter-segment variety) 
through an interrupt vector table located at 
absolute locations 0 through 3FFH. This vec- 


tor contains a four-byte element for each of 


up to 256 different interrupt types. _ 


There are three interrupt transfer operons 
provided: — 


INT pushes thie flag eepisters Gai in PUSHF), 
clears the TF and IF flags,;.and transfers con- 


trol with an indirect call through any one of. 


the 256 vector elements. A one-byte form of 
this instruction 1s available for interrupt 
type 3. ‘ a, 

INTO attics the five epee es in 
PUSHF),. clears the TF and IF flags, and 
transfers control with an indirect call through 
vector element 4 if the OF flag is set (trap on 
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overflow). If the OF flag 1 1S oe no anes 
tion takes place. , 


IRET transfers control to the return address 
saved by a previous interrupt operation and 
restores the saved flag register (as in POPF). 


See Chapter 3 for further details on interrupt 
operations. 


PROCESSOR CONTROL INSTRUCTIONS — 
Various instructions and mechanisms control 
the processor and its interaction with its 
environment. a 


Flag Operations 
Seven operations provided operate directly 
on individual flag registers: 


CLC clears the CF flag. 
CMC complements the CF flag. . _ 
STC sets the CF flag. 


CLD clears the DF flag, causing the string 
operations to auto-increment the operand 
pointer. 


CLI clears the IF flag, disabling external 
interrupts (except for the non-maskable 
external interrupt. 


STI sets the IF flag, enabling external 
interrupts after the execution of the next 
instruction. 


Processor Halt | 
The. HLT- instruction causes the 8088 proces- 
sor halt. The halt state is cleared by RESET 
or an enabled external interrupt.” 


Processor Wait - | | 

The WAIT instruction causes the processor 
to enter a wait-state if the signal on its TEST 
pin is not asserted. The wait state may be 
interrupted by an enabled external interrupt. 
When this occurs the saved code location is 
that of the WAIT instruction, so that upon 
return from the interrupting task the wait 
state is reentered. The wait state is asserted. 
Execution resumes without allowing external 
interrupts until after the execution of the next 
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instruction. This.instruction allows the pro- 


cessor . to eyuenronize itself with external 
hardware. | : 


Processor Escape 

The ESC instruction provides a. mechanism 
by which other. processors (such as the 
Numeric Processor Extension) may receive 
their instructions from the 8088 instruction 
stream and make use of the 8088 addressing 
modes. The 8088 processor does no opera- 
tion for the ESC instruction other than to 
access a memory operand. 


Bus:Lock . 

A special sie bye lock ‘prefix may precede 
any instruction to causé the processor to 
assert its bus-lock signal for the duration of 
the operation caused by that instruction. This 
has use in multiprocessing applications. 


Single Step. ! 

When the TF flag register is set, the processor 
generates ; a type | interrupt after execution of 
each instruction. During. interrupt transfer 
sequences caused by any. type of interrupt, 


the TF flag is cleared. after the pushflags step. 


of the interrupt sequence. No instructions are 
provided for setting or clearing TF. directly. 
Rather, the flag register image saved on the 
stack by a previous interrupt operation must 
be modified, so the subsequent interrupt 


return operation (IRET) restores TF set. This 


allows a diagnostic task to single-step through 


a task under test, while still exccuune nor- 


mally itself. 


If the single-stepped instruction. itself clears 


the TF flag, the type 1 interrupt will still 
occur upon completion of the single-stepped 


instruction. If the single-stepped instruction 


generates an interrupt or if an enabled exter- 


nal interrupt occurs prior to the ‘completion. 


of the single-stepped instruction, the type | 
interrupt sequence will occur after the inter- 
rupt sequence of -the ‘generated or external 
interrupt, but before the first instruction of 
the interrupt service routine is executed. 


INSTRUCTION TIMINGS 

Instruction timings are included with the 
detailed. instruction set pages at the back of 
this chapter. They are provided as the 
number of clock periods required to execute 
a particular form (register-to-register, 
immediate-to-memory, etc.) of the instruc- 
tion. If a system is running with a 5 MHz 
maximum clock, the maximum clock period. 
is 200 ns. Where memory operands are used, 
“+EA” denotes a variable number of addi- 
tional clock periods needed to calculate the 
operand’s effective address. Fig. 2-10 lists all 
effective address calculation times. 


For control transfer instructions, the timings 
given include any additional clocks required 
to reinitialize the instruction queue as well 
as the time required: to fetch the target 
instruction. | 7 , 


Note that four clocks are required for each 
memory reference. Therefore, the execution 
time of memory reference instructions will 
depend on the number of byte transfers. 


Several additional factors can increase actual 
execution time over the figures shown in the 
instruction set reference pages. The time pro- 
vided assumes that the instruction has already” 


6 
— 
ne 


2 .. EACOMPONENTS ~_. 
Base or Index Only (BX,BP,SI,DI) 
Displacement | 
(BX,BP,SI,DI!) 
BP+DI, BX+SI 
BP+S!, BX+DI 


BP + DI+ DISP 
BX +SI+DISP 


BP+SI+DISP _ 
BX + D!+DISP 


+ . 
Base or Index 


Displacement 
a 
Base 
+ 
Index 
*Add 2clocks for segment override 


Figure 2-10. Effective Address Calculation Time 
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been prefetched and that it is waiting in the. 


instruction queue, an assumption that is valid 
under most, but not all operating conditions. 
A series of fast executing (fewer than two 
clocks per opcode byte) instructions can 
drain the queue and increase execution time. 


Execution time also is slightly impacted by 
the interaction of the CPU’s internal instruc- 
tion execution unit (EU) and BU’s interface 
unit (BIU) when memory operands must be 
read or written. If the EU needs access to 
memory, it may have to wait for up to one 
clock if the BIU has already started an 
instruction fetch bus cycle. The EU can 
detect the need for a memory operand and 
post a bus request far enough in advance of 
its need for this operand to avoid waiting a 
full 4-clock bus cycle. Of course, the EU does 
not have to wait if the instruction queue be- 
tween the BIU and EU 1s full, because the BIU 
is idle. (Note: 8088 queue contains 4 bytes.) 


With typical instruction mixes, the time actu- 
ally required to execute a sequence of 


instructions will typically be within 5-10% of. 


the sum of the individual timings given in the 
instruction set sequence. Cases.can be con- 
structed, however, in which execution. time 
may be much higher than the sum of the 
figures provided. The execution time for a 
given sequence of instructions, however, is 
always repeatable, assuming comparable ex- 
ternal conditions (interrupts, coprocessor 
activity, etc.) If the execution time for a given 
series of instructions must be determined 
exactly, the instructions should be run on an 
actual system hardware implementation. 


ASSEMBLY LANGUAGE PROGRAMMING'"! 


This section, while not meant to be a com- 


pendium of all features and rules of ASM-86 
(the Intel assembler for 8088 instructions) 
covered in detail by the Intel iAPX 86,88 
Assembly Language Reference Manual, pre- 
sents most of the ASM-86 features in a form 


[1] Edited and reprinted with permission of Hayden Book Co. from 
The 8086 Primer, by Stephen P. Morse. Copyright 1980. 
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to enable you to write meaningful programs. 
Not covered are many advanced ASM-86 
features; attention is focused on underlying 
concepts of the language. 


Object Code 


Let’s first consider a simple program that 
reads in word values from input port 5, 
increments each value read, and writes the 
results to output port 2. The program is as 
follows: 

Memory Address Memory Contents 


(Hexadecimal) (Binary) Comments 
00000 11100101 read word into AX... 
00001 00000101 ..from input port 5 
00002 01000000 increment AX 
00003 11100111 write word from AX... 
00004 00000010 ..to output port 2 
00005 11101011 repeat by jumping... 
00006 11111001 .. back seven bytes 
00007 a a 


The first two columns specify the address and 
contents of each relevant memory location 
and, as such, constitute the only form of the 
program comprehensible to the processor. 
This is called object code, and the language 
of 1’s and 0’s in which the object cade is writ- 
ten is called machine language. Once we have 
the program in object code form, we can 
store it in memory and then have the 8088 
execute it. 


Source Code 


Writing a program in 1’s and 0’s is suits 
and repetitive, a task that computers do well. 

So, instead of writing the program in 
machine language, we write the program ina 
language more familiar to us and then use a 
computer to translate it into the 8088's lan- 
guage. A program written in this more. 
familiar language i is called source code, and 
the computer program that translates source 
code into object code is called a translator. 
(Fig. 2-11) © 

There are two kinds of translator languages 

for writing source code: assembly languages 

and high-level languages described below and 

illustrated in Fig. 2-12 
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The process of translation might involve. per- 
forming some additional activities before the 
output is truly machine code: These activities, 
like relocation and linkage, are part of the 
translation process. Throughout this text, 
references to translation (assembling, compil- 
ing) imply all necessary activities to procuce 
object code.’ | 


A program written in assembly langune 7 isa 
symbolic : representation of the machine- 
language ‘program. ba 

The relation between the assembly-language 
program ‘statements and the resulting ‘object 
code is usually obvious while the relation 
between high-level language statements and 
the resulting object code is often not obvious. 
Assembly language gives you complete con- 
trol ‘over the resulting object code -and 
thereby allows ‘you to generate very efficient 
object code (providing oon re a very on 
programmer). : 


A high-level language compiler frees ‘seb 
from thinking about the object code and lets 


souRCE_, | rnanstaroR 


OBJECT | 
CODE ._ 


(MACHINE 
LANGUAGE) 


Figure 2-11. Translation Process 


CODE 


ASSEMBLY 
ANGUAGE) 


ASSEMBLER 


OBJECT 
CODE 


(MACHINE 
LANGUAGE). 


COMPILER 


SOURCE 
CODE 


(HIGH-LEVEL 
LANGUAGE) =. 


_. Figure 2-12. Assemblers and Compilers 


you .concentrate on the task you are pro- 
gramming. The compiler may generate less 
efficient object code, but good compilers can 
sometimes generate more efficient object 
code than you could have written in n. assembly 
language. 


SYMBOLIC NAMES 

The primary advantage of using ‘aay 
language instead of machine language is the 
ability to use symbolic names. Let’s illustrate 
this point using assembly-language source 
code: 


CYCLE: | 

IN  - AX,5 sread word from port 5 into AX 
INC . AX ‘increment AX 

OUT 2,AX ‘write result to port 2. 

JMP. CYCLE keep repeating 


The above program is simpler to read and 
understand because it uses symbolic names 
instead of numbers as much as possible. ‘The 
opcodes of the four instructions are 11 10010-, 
01000---, 1110011-, and 11101011 in the 
object code. They are IN, INC, OUT, and 
JMP in the assembly-language source code. 
Symbolic names for opcodes are called 

instruction mnemonics. The symbolic opcode 
names uséd throughout this book are. the 
instruction mnemonics of ASM-86 that gen- 
erate poresponais bit patterns for object 
code. Peg A, 


Register N Names 


Besides the opcode fields, there are other 


fields in the object code (see above example). 


The contents of these fields must be specified 
in the assembly-language source code, so the 


‘ . assembler can generate the appropriate bit 
- patterns in the object code. 


For example, the INC instruction has a 3-bit 


~~ reg field, indicating which register is ‘to be 


incremented when the instruction is executed. 
The contents of this reg field are specified in 
the source code by indicating the symbolic 


_ name of the register, as in “INC AX.” 
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The symbolic register names used in ASM-86 
are the names that are used for the aaah 
ee this book - — 


Input/Output : 3 
Both the IN and OUT instructions have a 
1-bit w field and an 8-bit port number field. 
The port numbers are simply specified in the 
source code by “IN AX,5” and “OUT 2,AX”. 
The w field is specified more subtly by the 
presence of the AX in “IN AX,5” and “OUT 
2,AX”. Input/output always uses AX when 
words are involved and AL when bytes are 
involved. So the appearance of AX instead of 
AL in the IN and OUT instructions indicates 
that the w field is a I. (The AMS-86 conven- 
tion is to place the destination before the 
source; hence AX precedes port number on 
the IN instruction and follows it on the OUT 
instruction). 


Jump Cycle. 

Another example of a synboliea name in the 
above program is the label CYCLE on the IN 
instruction. This permits the JMP instruction 
to refer to the location of the IN instruction 
by name as in “JUMP CYCLE.” The 
assembler now has enough information to 


SEGMENT - 


determine that this is. a jump backwards of 
seven bytes and can generate a°-7 in. the 
appropriate field of the J MP instruction.: 


A Complete Program | 


In the previous section, we used a fragment 
of an ASM-86 program. To make that frag- 
ment into a complete program, we need some 
additional statements (see below). _ 


This entire program will reside in a single 
segment in the 8088 memory. During the 
assembly process, we don’t know (nor do we 
care) where that segment will be located; that 
decision will be made prior to loading | the 
segment into memory. 


During the assembly process; we refer. to the 
starting address of the segment by the sym- 
bolic name IN_-AND OUT. Lines 1 and 7 
delimit the extent of the segment; line 1 
introduces the segment names IN_AND__ 
OUT, and line 7 marks the end of the seg- 
ment (ENDS). 


Line 8 flags the.end. of the source program, 
thereby telling the assembler that there are no 


‘more lines to assemble. Furthermore, it indi- 


cates that when the program is executed, it 
should start with, the instruction labeled 
CYCLE (line 3).: 


‘The object code generated by the assembler 


specifies the contents of all relevant memory 
locations plus this starting address. 


-start of segment 


1. INANDOUT.: . : 7 
2. : »  .: ASSUME CS: IN-AND_LOUT __ ;that’s what’s in CS - 
38. CYCLE: - IN. °.- AX 5 
oA. INC _ AX 
5. OUT .  2AX - 
6 SMP. CYCLE . 
7. IN-AND_OUT | ENDS : ;end of segment — 
8. ; END CYCLE : 


‘end of assembly ~ 
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The ASSUME statement on line 2 oa 
with the following rule: 


at the very beginning of ¢ any Neonat: contain- 
ing code,.we must tell the assembler what to 
assume is in the._CS register when that code is 
executed. This will always be the starting 
addréss,. without the:last: four “0” bits‘ of the 
segment, s SO .we > must include the statement: 


ASSUME: Cs: ‘Name. cote segment 


ASM: 86 Program Structure Ee 3 - COR en) 


Now consider a: more detailed ASM-86, pro- 
gram | (shown. below). to. understand the 
structure of such programs in general. This 
program will be referred to as the ‘ “sample 
program’ ’ throughout this chapter: 7 na 


Line 1 introduces a. segment somewhere in: 


the 8088 memory (we don’t care where). and. 
gives it the name MYDATA, | | 


Line 3 ends. the segment, The. only thing i in 


1 MY _: _DATA’ SEGMENT 
2. SUM | DB. ‘ 2 ‘reserve a byte fc for suM_ 
3.) MY_ DATA _ ENDS” ee 4 
4.’ MyY— ‘CODE SEGMENT oe ‘code segment 
5 ASSUME Cs: MY_ CODE, DS: MY_ DATA 
eas Ae . | -scontents of CS and DS © 
6. PORT VAL EQU 3 |. _ 3symbolic nanie for port number 
7: «GO: —. .MOV' = > AX,MY DATA: © initialize DS to MY_ DATA © 
Bo MOV SAX 
9 = ©): MOV © SUM,0- ‘;clearsum 
10. CYCLE: : CMP °° SUM,100 ~—s_: Gif SUM exceeds 100 
11. JNA . . . NOT_..DONE ~ Se 
125. 28. ..  . MOV ~ AL;SUM -...then output SUM to port 3 
13, |... OUT... ., PORT VAL,AL ay tet, | 
14. - . ae, oe oe li Be _-$..,and.stop’execution - 
15.- NOT_.DONE: IN. . ° AL,PORT_VAL ... ‘otherwise add next tinput 
7,  . » | JMP =... CYCLE and repeat the test 
18.. MY.CODE ENDS ~~ .::=:-. ae, Bi 
19... . END...» GO--. this is the a of the sesetnblye | 


the segment is SUM, defined to be a PU 
(DB) of data. 


The question mark on line 2 indicates that 
the-generated object code needs to reserve a 
place in memory for SUM, .but:it need not 
specify any particular initial contents for that 
location: MY_DATA. is appereney going to 
be used as a data segment. 


Lines’ 4-18 define another segment with the 
name MY_CODE. An examination of lines 7 
to 17 reveals that the segment contains 
instructions for use‘as-a code segment. 


Line 19 flags the end of the source program 
and indicates that when the program is exe- 
cuted, execution should start’ with the instruc- 
tion labeled. GO (line us = | 


Assumption About DS 

The ASSUME statement on line 5 tells the 
assembler what it should assume will be in 
the CS and DS register when the seement of 
code i is executed. me 


data sacar 
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The need 'for an assumption about DS is that 
some assembly-language instructions in the 
code segment access data directly, particu- 
larly, the byte SUM. The assembler. must 
generate machine-language instructions. that 
address SUM. using the direct addressing 
mode, -These. generated instructions specify 
the offset of SUM and some segment register, 
typically DS, containing the. starting address 
of the segment Same MY res contain- 
ing SUM. , 


The assembler en to conn which segment 
registers (if any) will contain MY-DATA’s 
starting address, at the.time these instructions 
are. executed. With this information, the 
assembler can determine if a segment-over- 
riding prefix is required on these instructions, 
and if so, which segment register should ‘be 
specified by the prefix: It would be the case if, 
for exaniple, MY_DATA’s starting ‘address 
were Contained only in ES. Furthermore, if 
none of the registers will contain MY_ 


DATA’s starting address at instruction- _ 


execution time, the assembler knows that it 
cannot generate any jifistructions capable of 
accessing SUM anid will be able to report this 
error at peeved Oncasembly time. 


SUMMARY 


So, why assume some segment register Seal | 


contain | MY_DATA’s starting. address at 


instruction-execution time? So.that SUM c¢an., 


be accessed. Why is DS used? Because no 
segment-overriding prefix. 1 is necessary. Make 
sure this assumption 1S satisfied by executing 


certain instructions (lines 7 and 8) prior to the: ~ 
-« " ‘General Conclusions 


first access to SUM, 
PORTS 3 AND 4 


Line 6 specifies that: PORT_VAL is equiva- 


lent to the constant 3:.This permits PORT 
VAL to be used in place of 3 on succeeding 
lines. This makes. PORT_VAL a symbolic 
name for port 3 and refers to PORT_VAL 
whenever port 3 is wanted. Now if we decide 


to rewrite the program to use port 4 instead, 
we need make only one change: line 6 is 
eet to: | 


PORT. VAL EQU 4 


The i inci mictions on. lines ‘7 through 17 will 
keep adding inputs from port 3 until the sum 
exceeds 100, output that sum to port 3, then 
halt:. ‘This: is accomplished as follows: The 
instruction on line 7 puts — the 16 most- 
significant bits of — the starting address of 
segment MY_DATA into register AX; on line 
8-this value is moved from AX to DS. This 
makes SUM accessible in succeeding in- 
structions: - te 


The ‘instruction on 1 line 9 initializes SUM to. 
0. Observe that on lines 7, 8, and 9, the desti- 
nations, such as SUM on line 9; are always 
written before the sources, as 0 on line 9. 


Line 10 compares (CMP) the value in SUM 
to 100 and sets processor flags, peranne 
comparison results. 


Line 11 tests the flags and jumps, if SUM was 
not above 100 (JNA). The target of the j jump 
is the instruction labeled NOT_DONE (line 
15). If the jump on line 11 is not taken (SUM 
> 100),.the SUM is moved into AL (line 12); 


the contents of AL is sent to output port 3 


(line 13), and the processor halts (line 14). 


_ If the jump on line 11 is taken (SUM < 100), 


the value on input port 3 is sent to AL (line 
15), added to SUM (line 16), and the jump on 


dine 17 transfers control back to-line 10. 


“Now, from the above example, what can be 


~ noticed about the structure of an ASM-86 


program? It consists of one or more segment 


‘blocks followed by an END statement.’ Each 
_ Ségment block starts with a SEGMENT 
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statement and ends with an ENDS (end-of- 
segment) statement. Between the SEGMENT 
and ENDS statements is a sequence of other 
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statements. Each statement normally occu- 
pies one line. If succeeding lines are needed, 
they start with “&”. The structure of an 
ASM-86 program is: 


NAME1 SEGMENT 
statement 


— statement 
NAME1 . ENDS 
NAME2 SEGMENT 

Statement 


statement 
NAME2 ENDS 


END 


The programs presented here all display a 
consistent tabular pattern. 


Such, tabulation is not part of the program 
structure; it is optional to the assembler, but 
highly recommended to make programs eas- 
ier to read and understand. 


In the untabulated version of the INAND_ 


IN-OUT_.OUT SEGMENT 
ASSUME CS:IN-AND_OUT 
CYCLE:IN AX,5 

INC AX © 

OUT2,AX 

JUMP CYCLE 

IN AND OUT ENDS 

END CYCLE 
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OUT program below, the assembler would 
assemble faster, but the program would be 
much less-comprehensible to us. 


Tokens. 


Before examining the kinds of statements 
from which ASM-86 programs are built, we 
must become familiar with the building 
blocks of statements. Statements are com- 
posed of such things as identifiers, reserved 
words, delimiters, constants, and comments. 
These building blocks, sometimes called tok- 
ens, are described below. 


IDENTIFIERS 

Identifiers are names that you, the pro- 
grammer, are free to make up. Identifiers in 
the sample program are SUM, CYCLE, and 
PORT — VAL. An identifier is a sequence of 
letters, numbers, and underscore characters 
(_), but may not start with a number. An 
identifier may be up to 31 characters long, 
which means the length is practically unlim- 
ited. Examples of identifiers are: 


X 

GAMMA 
JACKS 

THIS __NODE 
THISNODE 


The last two examples are indeed different 
identifiers. 


‘start of segment 
‘that’s what’s in CS 


‘end of segment 
‘end of assembly 
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RESERVED WORDS 2 

Reserved words, look like identifiers, but 
they have a special meaning in the language, 
and you must not use them as identifier 


names (Fig. 2-14). The sample program uses: 


reserved words like SEGMENT, MOV, 
EQU, and AL. Thus, it would be perfectly 


acceptable for us to make up a name like 


EQUAL as in: 
‘EQUAL DBL 

but it would be improper for us to write: 

DB 


EQU ? 


Refer to pg. 2-43, Fig. 2-14 for complete list 


of ASM-86 Reserved Words. 


DELIMITERS 

Delimiters are non-alphanumeric characters 
that have. special meaning in the 8088 assem- 
bly language. In the sample program, we saw 
such delimiters as : and ;. In this chapter we 


will use many of the delimiters. For a com-’ 


plete list of delimiters in ASM- 86, See Fig. 
2-13. 
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CONSTANTS ; 

Constants are fixed values appearing in 
ASM-86 programs. In the sample program 
there are constants 0, 3, and 100. These are 
whole-number constants. The assembly lan- 
guage also allows for string-constants. . 


A whole-number: constant is any non- 
fractional number between 0 and 65535 (2!6 
— 1). It is normally written as a decimal 
number, but can also be written in binary, 
ending with a B, octal; ending with a 1 Q, or 
hexadecimal, ending with an H. : 


To avoid confusion with identifiers, a hexa- 
decimal constant must start with a numeric 
digit; a leading zero would suffice. Examples 
of whole-number constants are 15, 1010B, 
27Q, 3A0H, and OBFA3H. 


- Figure 2-13. Delimiters in ASM-86 = 
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String Constant. “i : 

A string. constant is one or two characters 
enclosed with apostrophes. Strings of more 
than two .chardcters. are permitted in res- 
tricted cases, but are not discussed here. An 
apostrophe itself may be included in a string 
constant by writing it as two. consecutive 
apostrophes. Examples of string constants 
are ‘A’, ‘AB’, and ””. The last example is the 
string consisting of the apostrophe character. 


The value of. a string, constant is the ASCH 
code of the character(s) in the string. Fi or 
example, the value of ‘A’ is 41H and the value 
of ‘AB’ 1s. 4142H. Thus, string. constants and 
whole-number constants can be used inter- 
changeably. 


COMMENTS eg 
Any. sequence of characters (ilowikes: a semi- 
colon. (;).up to the end. of the line.are com- 
ments., They:.are-ignored by the assembler 
and should be used generously.in your pro- 
gram to document what you are doing. While 
comments like 


INC .. CX | jincrement CX - | 


convey little information, comments like 
ANC CX wood “ jincrement outer — 
ie ig eS “loop counter -: 


ce a program more . readable. 


Expressions 


One more building block, seangele: expres- 
sions, must be introduced before we can 
build statements. Expressions are. built up 
from some of the tokens just described. 


Loosely speaking, an expression is a’ sequence 
of operands and operators combined to pro- 
duce a value at program assembly time.’ How 
are operands and operators combined to 
: produce the value of an expression? 


’ OPERANDS | 
An epernnd.| 1S something that hae cited a 
numeric value or a memory address value. 


Operands with numeric.values are constants, 
or identifiers that represent constants. Some 
numeric-valued operands, appearing in our 


sample program are 100 and. PORT_! VAL. 
The permissible range of values for such oper- 


ands is from -65,535 to +65,535.. 


Note that the value of.an operand may be 
negative, but a:constant is never negative. A 
minus sign can be written.in front of a con- 


stant, but is never considered.a part of the 


constant; it is an.arithmetic operator. 


‘Memory-address operands are’ frequently 


identifiers, such as SUM and CYCLE in the 
sample program. The value. of a memory 
address is not simply a number; it is a set of 
components, each component generally being 
a number. One component is the 16 most- 
significant bits of the segment starting address 
where the memiory ‘address is contained. The 


four least-significant bits of a segment start- 
ing address are always Zeros. 


Another component is the offset addiess 
within the segment. These two components 


are referred to as the segment and offset of 
the memory-address operand. 


Another operand is an expression itself, 
enclosed :in parentheses, and used in some 
bigger expression, as in Breer ure 


OPERATORS 


An operator takes the value of one or more 
operands and produces a new value. There 
are five kinds of operators in OM 86 


1) arithmetic operators 
2) logical operators 
3) relational operators 


4) analytic operators . 
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5) synthetic Operators 


Arithmetic Operators | ; 

Arithmetic operators are the familiar addi- 
tion operator (+), subtraction operator (—), 
multiplication operator (*), and division 
operator (/). Another arithmetic operator, 
MOD, produces the remainder after doing a 
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division. Thus 19/7 is 2, whereas 19 MOD 7is 5. 


Arithmetic operators may always be applied 
to a pair of numeric operands, and the result 
will be numeric. The rules for applying 
arithmetic operators on memory-addressing 
operands are more restrictive: such opera- 
tions are valid only if the result has a 
meaningful physical interpretation. 


For example, the product of two memory 
addresses has no meaningful interpretation. 
What segment would it be in? What offset 
would it have? Hence, it is a prohibited 
operation. 


The difference of two memory addresses in 
the same segment is the numeric distance 
between them — the difference in their offsets. 


The only other meaningful arithmetic opera- 
tion on a memory address is adding or 
subtracting a numeric value. Thus SUM+2, 
CYCLE-5, and NOT_DONE-GO would all 
be valid expressions in the sample program. 
SUM_CYCLE would not be a valid expres- 
sion because they are in different segments. 


NOTE: The value of SUM+2 is a memory 
address two bytes beyond SUM in the MY 
— DATA segment; it is not the numeric value 
that is 2 plus-the-contents-of-location-SUM. 
Such contents are not known until program 
execution, whereas expressions are evaluated 
at assembly time. 


Logical Operators 
The logical operators are ee AND, 
OR, XOR (exclusive-or), and NOT. 


The operands of logical operators must be 
numeric only — memory-address operands 
are not allowed — and the result will be 
numeric. This is shown by: 


1010101010101010B AND 1100110011001100B:. 
is 1000100010001000B; 

1100110011001100B OR 1111000011110000B 
is 110000001 1000000B; 

NOP EEE PATE te CODCOD OR OeO0e 
and 

1111000011110000B XOR SUM is invalid. 


As an example of logical operators, consider: 


IN 
OUT 


~ AL,PORT_VAL : | 
PORT_VAL AND OFEAH,AL 


The IN instruction gets input from PORT 
_VAL, wherever that is. _ 


Execution of the OUT instruction sends out- 
put to port PORT_VAL AND OFEH, which 
is either the same port, if PORT_VAL is even, 
or the next lower-numbered port, if PORT 

_VAL is odd. The actual port value of the 
OUT instruction is determined when the 
instruction is assembled, not when it 1S 
executed. 


Observe that AND, OR, XOR, and NOT are 
instruction mnemonics as well as ASM-86 
operators. As ASM-86 operators, they cause 
a value to be computed when the program is 
being assembled. As instruction mnemonics, 
they perform their roles when the eplozran iS 
being executed: 


AND DX,PORTVAL AND OFEH 


will cause the assembler to compute the value 
of PORT_VAL AND OFEH and then gener- 
ate an AND-immediate instruction contain- 
ing that value in its data field. When this 
instruction is later executed, it will cause the 
contents of the DX register to be ANDed 
with that value and the result placed in the 
DX register. 


Relational Operators | 

1) Equal (EQ) 

2) not-equal (NE) 

3) less-than (LT) 

4) greater-than (GT) 

5) less-than-or-equal (LE) 

6) greater-than-or-equal (GE) 


-PORT_VAL LT 5 is a relational operator. 
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The two operands must both be numeric or 
must both be memory addresses in the same 
segment. The result is always a numeric 
value. It will be 0, if the relationship is false, 
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and OFFFFH (16 bits of rere if.the relation- 
ship is true. 


Using a relational ‘operator: 


MOV... BXPORTVALLT'S.. |” 
The assembler will assemble aos . es | se . 
MOV ... BX,OFFFFH. 


“if the valué of PORT_VAL i is < 55" ee 
- otherwise the assembler will assemble ; 7 a 
MOV. BX, oO , 


At first it. may. appear that relational, opera- 
tors are not useful. It’s not often. that-you 
want to generate an instruction with a field 
that contains either.0 or OFFFFH; and ‘no 
other choices. However, by combining rela- 
tional operators with logical operators, the 
two relational results of 0: and OFFF FH can 
be molded ‘into any numeric Values’ you 
desire: ~~ — 


MOV BX,((PORT_VAL LT 5)AND 20) 
“& OR ((PORT VAL GES) AND 30) — 


will assemble _ 

‘MOV BX, 20° a 

if PORT. VALi is less than. 5, and: 
MOV:: — BX,30 

otherwise. 


Note the generous usé of parentheses to force 
the order that operators are applied: ‘If you 
always use parentheses to.make'the ordering 
explicit, you won’t have to memorize the 
-rules about which operators get: evaluated 
first. ; ae 
Analytic Operators sit , 

The analytic operators:decompose mémory- 
address operands into their components, 


while synthetic operators build memory- 


address operands from their components.’ A: 


- Statements . 


There are two kinds of ASM-86: ‘program 
statements: 


instruction: statements (MOV, 
ADD, JMP, éte.) and directive Statements 


(DB, SEGMENT, EQU, etc.) 


‘Each instruction statement causes the assem- 
‘bler-‘to generate an ‘instruction in the object 
‘code: Directive statements tell the assembler 
‘what’ kind ‘of code to generate for succeed- 


: statenient ° 
MY. PLACE” 


ing instruction * statements. a directive 


tells the assembler that MY_ PLACE ds 


“defined as a byte. The assembler allocates a 
memory address. for’ MY_ PLACE. Later, 


INC’ 


when the assembler. eficounters the instruc- 
tion statement 


—°MYPLACE 
it will generate an object code instruction to 


increment the contents of MY_ PLACE. 
Because of the previously-ericoutitered direc- 


-tive:statement, thé: assembler will know to 


name directive ‘argument eae argument 


place a ‘0’ (to indicate a hes in the w ae o 
the increment instruction. - 


The formats of the two kinds of-statement are 
similar. The instruction. statements are =o the 
form 
label: “comment. 


mnemonic argument... aaatnert 


The directive statements are of the form 


comment” 


The label in an instruction: statement. 1S. fol- 


lowed by a colon, whereas. the: name in a 


directive statement is not._This highlights 


the difference between the two kinds. of 
statements, 


_A label associates a siabolic name witli the 


location of an instruction. A label can be 


“used as ‘an operand. 4 in a jump or call 


discussion of these operators is: presented... 


after we learn more about memory-address’ 


operands. (see page 2-30) 


instruction. 


‘The ‘name in a aieeige: ‘statement has no 


relation to an:instruction- location and can 


_ never be jumped to. 
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Labels in instruction statements are always 
optional; names in directive. statements can 
be mandatory, optional, or prohibited, geDEDS: 
ing on the particular directive. . , 


Mnemonics in instruction statements specify 
the. purpose. of. the statement. Directives, in 
directive. statements, specify the purpose: of 
the statement. The. instruction mnemonics 
correspond to.the set. of. approximately 100 
opcodes available. in the 8088. The. directives 
correspond to the set of some 20 functions 
provided by. the ASM-86 assembler. (Fig. 
2-14). 

The mnemonic or directive may require addi- 
‘tional information - to define its. purpose 
completely. This information i is provided by 
a sequence of arguments. _ 


Optional comments make the program more 
readable; when present they must ~ pre- 
ceded by a semicolon. | | 


Directive Statements 


The various: directive statements in n ASM-86 
are: - ae 
1) saiboldeniaiion: 

2) data-definition. _ 

3) segmentation-definition 

4) procedure-definition 

5) termination _ 


Symbol-Definition Statements _. 

The EQU statement provides a means. do 
defining symbolic names to represent values 
or other symbolic names. The two oe of 
‘the ae statement are’ illustrated: i 


‘riafhe - EU io ean Pra 

new name EQU old_name — 
THING -* DB: ? 
BIGGERTHING :« DW..? 
BIGGESTTHING .: 42 


DD: 


ae 


BOILING_POINT EQU: .- 
BUFFER.SIZE .. EQU_ 32 | 
NEW.PORT ~~ ““EQU’ “PORT. VALH 
COUNT Di “ EQU” CXS = 


The last ary sites ot the other chiee 
in that COUNT.does not represent a value; it 
is a synonym for the CS‘ register. | 


A symbolic name can be “undefined” bya 


PURGE statement so-it may later represent 
‘something ently different; 


PURGE 


= Data- Definition ‘Statements _ 


BUFFERSIZE 


. Pye 


Data-definition allocates memory. fon a data 
item, associates. a symbolic name with that 


memory address, and optionally supplies an 


initial value for the data. Symbolic names 


_are: (see below) 


associated with data items are. called vari- 
ables. Examples of data-definition statements 


In the example below, THING is a symbolic 
name associated with a byte. in memory, 
BIGGER_THING with two consecutive 
bytes in memory, and BIGGEST_THING 
with four consecutive bytes in memory.’ 


Initial Values 


Before we can discuss the question marks (?), 


we need to;introduce: the: aes of. initial 


values of data items. 


The objéct' code seats By thie asteinblér 


-contains the. l’s and 0’s that-make up éach 


instruction and the memory address at which 
each instruction should reside. After. the 
object. code | Is. produced, the instructions. care 


‘defines a:-byte se 
;defines a word (2:.bytes). 
;defines:a doubleword (4 bytes)’ _ 
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loaded into memory at the indicated addresses 
and then executed. 


At the time the instructions are loaded, initial 
values for data items could also be loaded 
into memory.’ This means that the object 
code, besides containing instructions and 
their addresses, may also contain initial 
values for data items and their addresses. 
These initial values are specified to the 
assembler in the data definition statements. ° 


The following statement will cause the 
assembler to produce object code that, when 
loaded into memory, will result in'a 25 being 
placed in the memory address allocated to 
THING; 


THING DB 25: ‘byte initially contains 25 


A question mark i in place of an initial value 
means that we do not choose to specify an 
initial value for that data item; we will be 
satisfied with whatever initially appears | in the 
corresponding memory location. 


When the assembler sees the question. eee 
it still allocates memory for the data item, but 
does not produce object code to initialize the 
memory location (although it could). - 

In general, the initial value'could be specified 
by an expression, since expressions are:eval- 
uated at assembly. time. So we can write 
statements. like: - 7 


IN-PORT DB 
OUTPORT DB 


PORT_VAL 
PORT_VAL+1 | 
Recall that expressions come in two varieties 
— numeric and memory address. It is mean- 
ingful to initialize either a byte, or a-word, or 
a double-word with a numeric value. But, 


- LITTLECYCLE == DW CYCLE 
“BIGCYCLE . DD CYCLE 
CYCLE’ ‘MOV BX.AX 
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what about a memory-address value? It won’t 
fit into.a byte, but the offset component fits 
into a word; and, both the offset components 
fit into a double word. So we can write 
initialization statements like those shown at 
the bottom of this page. _ 


The initialization of LITTLE_CYCLE per- 
mits an indirect intrasegment jump or call to 
use the date item named LITTLECYCLE to 
transfer control to the label named CYCLE. 
Similarly, an intersegment jump ‘or call 
transfers control to CYCLE by using the data 
item named BIG_ CYCLE. - 


Tables 

So far we have used decdennidon state- 
ments to define one byte, word, or double- 
word at a time. Often, we deal with tables of 
bytes, words, or double words. For example, 
the 8088 XLAT instruction uses a table, of 
bytes to translate an encoded value into the 
same value under a different encoding. The 
8088 interrupt mechanism uses a table of 
double-words, starting at memory location 0 
to point to the starting addresses of the inter- 
rupt service routines. And, the 8088 string 
instructions operate on..tables of. bytes or 
words containing the string elements. 


A table is defined by placing several initial 
values on a data-definition statement. The 
following statement defines a table of bytes 
containing powers of 2: | , 
POWERS2 DB 1,2,4,8,16 

The byte at the memory address correspond- 
ing to POWERS_2 will be initialized to 1 
(when the object code is loaded into memory). 


offset of CYCLE 
‘offset and segment of CYCLE 


ARCHITECTURE AND INSTRUCTIONS 


The next four bytes will be initialized to 2,4,8, 
and 16, respectively. A. table of bytes, all 
initialized to zero, can be defined by | 
ALL_ZERO — DB 0,0,0,0,0,0 

or by the shorthand notation | 
ALL_ZERO DB 6 DUP (0) 

And, finally, an un-initialized table can be 


defined by either of the following i 
statements: 


DONT_CARE DB. ?,?,2;?,2,2,2,? 


DONT_CARE DB °§ 8 DUP (?) 


TYPES OF MEMORY LOCATIONS 

ASM-86 associates a type with every memory 
location referred to in the program so it can 
generate the correct code for instructions that 
accesses memory: For example, the: data- 
definition statement | 


SUM DB 7 9 | 
informs the assembler that the memory loca- 
tion ‘SUM is of type BYTE. Later, when the 
assembler encounters an instruction state- 
ment such as 
INC SUM ae 
the assembler will know to generate a byte- 
increment instruction, rather than a word- 
increment instruction. 
A memory location can be one of the follow- 
ing types: 
1) BYTE of data, as in: 

SUM DB ? 


2) WORD of data ewe consecutive bytes), as 
in: 


;defining a byte 


_ BIGGER SUM Dw ? 


3) DWORD of data (four consecutive bytes), 
asin: | 
BIGGESTSUM DD ? 


Achining a word: 


defining a doubleword 


4) NEAR instruction location, as in: 
CYCLE: CMP SUM,100 


5) FAR instruction location: 
(means of defining such locations will 
be discussed shortly) | 


An instruction location can appear in a jump 
or call instruction statement. The assembler 
will generate an intrasegment jump or call if 
the location type is NEAR, and an interseg- 
ment.jump or call if it is FAR. For example, 
the labeled instruction statement 
CYCLE: - CMP.  SUM,100 — 

informs the assembler that the memory loca- 
tion CYCLE is of type NEAR. (We will see 
shortly how the synthetic operators PTR and 
THIS are used to define a memory location 
of type FAR). Later, when the assembler 
encounters an instruction such as . | 
JMP. CYCLE. 

the assembler will know to generate an intra- 
segment jump. instruction, rather than an 
intersegment jump instruction. _ 

A memory address built by adding or -sub- 
tracting a numeric value fo or from some 
other memory address has the same type as 
the original memory address. For example, 
SUM+2 is a BYTE, BIGGER_SUM-3 is a 
WORD, and CYCLE+1 isa Neer instruc- 
tion location. 


ANALYTIC AND SYNTHETIC OPERATORS — 
We now know enough about memory addres- 
ses to complete the discussion of operators. 


The analytic operators decompose memory- 
address operands into their components. 
These operators are: 


1) SEG - 
2) OFFSET 
3) TYPE 
4) SIZE 

5) LENGTH 


The SEG operator returns the seein com- 
ponent of the memory-address operand. The 


OFFSET operator returns the offset compo- 


nent. Both of these components are generally 
numeric values. 


The TYPE operator returns a numeric value, 
which is the type component of the memory- 


_address operand. The value of the type 
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component for the various memory-address 
operands 1s: 


Type 
Memory Address Operand | Component 
BYTE of data 1 
WORD of data 2 
DWORD of data 4 
NEAR instruction location -1 
FAR instruction location 


-2 


Notice that the type component for Grice 
words, and double words corresponds to the 
number of bytes that each occupies. The 
value of the type component for instruction 
locations does not have a physical interpreta- 
tion. 


The LENGTH and SIZE operators apply 
only to data-memory-address operands 
(BYTE, WORD, or DWORD). 


The LENGTH operator returns a numeric 
value for-the number of units (bytes, words, 
or double words) associated with -the oe 
address operand. : 


The SIZE operator returns a numeric value 
for the number of bytes allocated for the 
memory-address operand. For example, if 
MULTILWORDS is defined by 


MULTLWORDS DW __ 50 DUP (0) 


then LENGTH MULTLWORDS is 50 and 
SIZE MULTLWORDS is 100. Notice that 
SIZE X is equal to (LENGTH X)* (TYPE 
X). 


MANY BYTES © 
FIRST WORD 
SECOND DOUBLE EQU 


DB 


100 DUP (?) 
~EQU WORD PTR MANY._BYTES 
DWORD PTR (MANY_BYTES 


2-31 


PTR and THIS 

The synthetic operators build’ memory- 
address operands from their components. 
These operators are PTR and THIS. 


The PTR operator builds a memory-address 
operand that has the same segment and offset 
of some other memory-address operand, but 


has a different type. Unlike a data-definition 


statement, the PTR operator does not allo- 
cate memory; it merely gives another mean- 
ing to previously-allocated memory. For 
example, if TWO_BYTE were defined by, 


TWO_LBYTE DW ? 


then we could name first the byte in the word 
as follows: 


ONEBYTE EQU BYTE PTR TWO BYTE 


In this example, the PTR operator creates a 
new memory-address operand having the 
same segment and offset components as 
TWO_BYTE, but having a type component 
of BYTE. We can name the second byte of 
TWO_BYTE either as 


OTHER BYTE EQU- BYTE PRT (TWO _BYTE+1) 


or more simply as | 
OTHER_BYTE EQU ONE_BYTE+1 


The PTR operator can also create words and 
double-words as illustrated below: © 


;an array of 100 bytes 
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Further, the PTR operator can create loca- 
tions of instructions: , : 


INCHES: CMP. SUM,100 
JMP INCHES | 
MILES EQU 
3 MILES 


JMP 


Notice that the above shows ways to build 
new memory-address spine from old 
ones by 


1) using the PTR operator as in BYTE PTR 
TWO_BYTE 

2) using expressions as in ONE ] BYTE+1 

3) using a combination of PTR and expres- 
sions as in BYTE PTR (TWO_BYTE*1) 


Expressions are useful when we wish to 
change the offset component but leave the 
type component unchanged. | 


Neither expressions, nor PTR, changes the 
segment component. And the new memory- 
address operand; created by either expres- 
sions or PTR, will have a length component 
of | CPrOMscing it’s not an instruction 
location). 


The synthetic operator THIS, like PTR, 
builds a memory-address operand of a speci- 
fied type, without allocating memory for it. 
The segment and offset component of the 
new memory-address operand is the segment 
and offset of the next memory location avail- 
able for allocation. For example: 


THIS BYTE 
? 


EQU 
DW 


MY_BYTE 
MY_WORD 


would create MY_BYTE with type compo- | 


nent of BYTE, and with the same segment 


and offset components as MY_WORD. In | 


~FAR PTR INCHES 


‘type of INCHES is NEAR 
sintrasegment jump 


-;type of MILES is-FAR 
_jintersegment jump. 
this example, MY_BYTE could have been 
built with the PTR operator instead: 


MY ( BYTE EQU BYTE PTR MY WORD 


The THIS operator is convenient for defining 
FAR instruction locations: 


MILES - EQU THIS FAR 
CMP SUM, 100 
JMP MILES 


Note that the use of the THIS operator in the 
example made it unnecéssary to have a 
NEAR instruction location with the same 
segment and offset as MILES. If we used the 
PTR operator instead of the THIS operator, 
such a NEAR instruction would have been 
necessary. . 


Segmentation-Definition Statements 

The segmentation-definition statements orga- 

nize our program to use the.8088 memory 

segments. These directives are: 

1) SEGMENT 

2) ENDS 

3) ASSUME 

4) ORG 

The SEGMENT and ENDS statement sub- 

.. divide, the assembly-language source. pro- 

7 gram into segments. Such segments 
| correspond to the memory. segments where 
the resulting object code will eventually be 
loaded. The assembler is concerned with pro- 
gram segmentation for the following reasons. 
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One, intrasegment:jump.and-call instructions 
‘contain: only ‘theoffset (16-bits): ofthe ‘new 
location. Intersegment jump and éall instruc- 
tions ‘must ‘contain: the: oe (onouier 
16-bits) in addition to the offset. ss 


Second; data-accessing instructions: that use 
the current: data ‘segment ‘and current: stack 
segment.in the manner most optimal:for the 
8088 architecture: contain only the ‘offset 
(16-bits) of the data location. Any. other 
instruction that. accesses a :data -location 
‘within one of the four currently-addressable 
segments must .contain.a segment-overriding 
prefix: (another ities in. Pag nen, to. the 


MY_DATA © SEGMENT earns 
Xx DB rn 
Ni ws oe OW es eee ha coe: 
MY_DATA ENDS ones 


MY. EXTRA a i 
ALPHA DB te Ei 
BETA DW 9 0 R05 


END START 


offset. Here, current: refers to. ‘when. ae 
‘instruction’ is executed, not assembled. ' 


Therefore, ‘to “assembie™ the” ‘correct object 
code, the’ assembler must know the’ ‘segment 


structure of the progratii and which segments 
will be addressable —' pointed at’ by segment 
régisters® —’ when ‘various instructions are 


executed: This information: is psupelied oye ane 


ASSUME directive. 


The following:.example: shows:: how: the 
SEGMENT, ENDS, and ASSUME direc- 
‘tives can be used to define a cede; data, extra, 
and ataek LS oecees et ae 


ti. + 
Snipe coke ae 


GAMMA ... DD . ? eB 
MY_EXTRA ENDS 
MY_STACK SEGMENT a 8 
DW 100 DUP (7?) ‘this is the stack 
TOP EQU THIS WORD i ar 
MY_STACK ENDS 
MY_CODE SEGMENT Me. Be eee 
~ oats ASSUME CS:MY_CODE,DX:MY_DATA — | 
‘’ ASSUME ES:MY_EXTRA, SS: MY_ a oe 
START: MOV ., AX,MY.DATA . a ‘initializes DX 
MOV DS,AX 
MOV AX,MY_EXTRA ‘initializes ES 
. MOV ES,AX ee a | 
MOV AX,MY_STACK ‘initializes SS 
MOV SS,AX 
6». MOV SP,OFFSET: TOP  - initializes SP 
MY_CODE ENDS 
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Observe that the code :at. the head of the 
MY_CODE segment will; at.program execu- 
tion, initialize the various segment registers to 
point to the appropriate segments, and the 
code will initialize the stack pointer to point 
to the end of the. stack segment. 


The ASSUME statement fanices bie assem- 
bler aware -of segment. register. ‘values: when 
the code is executed. 


‘To illustrate the purpose of the ASSUME 
statement, let’s consider code (within SEG- 
MENT MY.CODE) that moves the.contents 
of byte X to byte ALPHA. To do this, we 
need an instruction that moves the contents 
of X into a register, say BX, and an_instruc- 
tion that moves the contents of the register 
into ALPHA. How about: 


MOV BX,X ‘from X to BX 
MOV ALPHA,BX— ;from BX to ALPHA 


During execution of such MOV instructions, 
the 8088 processor would normally use the 
DS register to find the starting address of the 


segment where. the specified item (X or 
ALPHA) is.located: This will work fine when 


accessing X — the first instruction — because 


DS will indeed contain the starting address of 
segment MY_DATA where X is located. 


But, this will. not work when accessing 


ALPHA — the second instruction — because 
the starting address of segment MY_EXTRA, 
where ALPHA is located, will not be con- 
tained in DS. - 

The ASSUME statement has made the 
assembler aware that the first instruction will 


execute properly. The assembler is also aware 
(thanks to the ASSUME statement) that the 


Starting. address of MY_EXTRA, although 


not in DS, will be in one of the other segment 
registers — namely ES. The assembler, there- 
fore, generates a segment-overriding prefix 
for the second instruction So that it too, will 
execute properly. 


It’s not always possible to know what will be 
in the segment registers when a particular 
instruction will be executed. Consider: 


OLD_DATA SEGMENT 

OLD_BYTE DB ? 

OLD_DATA ENDS 

NEW_DATA SEGMENT 

NEW_BYTE DB ? 

NEW_DATA ENDS 

MORE_CODE SEGMENT 
ASSUME CS:MORE_CODE Se 
MOV - AX,OLD-DATA :put OLD_DATA into 
MOV _ DS,AX | _ DS and 
MOV ES,AX “+ ES 
ASSUME DS:OLD_DATA,ES:OLD_ DATA | 

CYCLE: INC OLD_BYTE - ‘what's in DS now? 
MOV AX,NEW_DATA ‘put NEW_DATA 
MOV DS,AX into DS 


JMP CYCLE 


MORE_CODE ENDS 
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The first time the INC instruction -is:.exe- 
cuted, DS will contain OLD.DATA.-and the 
indicated assumption on .DS will be‘correct. 
But then DS: will be changed. to NEW 
__DATA, and the same INC instruction will 
be executed .a’:second time. Therefore, ‘it 
would be wrong for the. assembler to. make 
assumptions about the contents of DS: when 
the INC instruction is executed, The assem- 
bler must generate a segment-override prefix 
— specifying the extra.segment ,—.on the 
INC instruction, even though this prefix 
would be unnecessary on the first execution 
of INC. 


In order to tell the assembler not to vans any 
assumptions about DS, we must place the 
following assumption just before, the INC 
instruction: 


-a fy) 


ASSUME. DS:NOTHING.. 


CYCLE: INC. OLDBYTE: | 


fa 


Prior to, or at the very beginning ne any seg- 
ment containing | code, we must _ tell the 
assembler (via. an ASSUME statement) what 
it should assume will be in ‘the CS register 
when that segment of code i iS executed. 


Instead: of using an ASSUME statement, we 
could tell the assembler which segment regis- 
ter should be. used for the execution of each 
instruction. For, example, the move of X to 
ALPHA. in the previous example. could. be 
written as: 


MOV 
MOV" 


VBR, DSK EE 


This says, that DS should be used when X.1s 


accessed, and ES. should bé -used- when 
ALPHA: is accessed. ‘Since: the processor 
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would normally use DS when executing these 
instructions, the assembler produces a segment- 
overriding prefix .when: generating . object 
code for the. second instruction, but not for 
the first. instruction. | : 


Efficient Programming 
Now let’s look at one ‘of the shortcomings of 
memory segments to see how to get around it. 


Memory segments always start on 16-byte 
boundaries. Remember that the last 4 bits of 
segment starting addresses are zero. A seg- 
ment can be up to 216 bytes long. If a 
segment does not use all of its approximately 
65,000 bytes, some other segment, can ‘start 
just beyond the last byte used by the first 
segment. But the second segment must:.also 
start on a 16-byte boundary, and, therefore, 
may not start immediately after the last byte 
used by the first segment. This means there 
could be up to 15 boa wasted Dewan 
segments: 


Suppose the first segment starts at address 
1000 (hexadecimal) and uses only 6D (héxa- 
decimal) bytes. So the last byte used is at 
address 1006C. The closest the second seg- 
ment could start would be at address 10070, 
thereby wasting the bytes | at ae 1006E, 
and 1006F. | _ 


Now, instead of starting he cecaaa ccamient 
at the lowest. .16-byte boundary beyond the 
last byte used by the first segment, start the 
second segment at the highest 16-byte boun- 
dary that does not cause any ‘bytes to be 
wasted: thus, we could start the second seg- 
ment at address 10060. ‘This results i in the last 
few bytes — 13 to be exact — used. by the 
first segment to -be- also an: the second 
segment. 


But the second segment would then simply 
not use its first few bytes, which is efficient. 
So, if the second segment starts at 10060, the 
bytes in the. second segment below. offset 
000D are:simply not.used by the Becone <e 
ment. Therefore, no bytes are wasted... | 
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Ordinarily, it doesn’t matter where in:mem- 
ory segments are located, so. we -let the 
translator make that choice.. However, we 
might want to.give the translator some con- 
straints such as “don’t overlap this segment 
with any other segment,” “make sure the first 
byte used by this segment is at an even 
address — so that word accesses can be done 
in a single memory reference,” or “start this 
segment at the following address.” We can 
write these constraints into - source 
program: 


1) Don’t overlap. First usable byte in seg- 
_ ment is on a 16-byte boundary and has an 
offset of 0000. | 


MY_SEG. ~ SEGMENT ‘this is the normal case 


MY.SEG . ENDS 


2) Overlap if you must, but first usable byte 


must be ona word boundary. 


MY_SEG . SEGMENT. WORD SMHOrS aligned 


MY_SEG ENDS 


3) Overlap if you must, and place first usable 


byte anywhere you like. 


MY_SEG. SEGMENT BYTE  . .;byte aligned 


MY_SEG ENDS 


4) Start segment at specified 16-byte boun- 
dary. First usable byte i is at specified offset. 


MY_SEG SEGMENT AT 1A2BH ;address. 1A2B0 
~ ORG 0003H ‘address 1A2B3 


MY SEG. ENDS ~ 


The last example introduced another state- 


ment, ORG (for origin). It specifies the next 
offset to be used in the segment. 
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Procedure-Definition Statements 

Procedures are sections of code that are 
called into execution from various places in 
the program. Each time a procedure is called 
upon, ‘the. instructions that make up the 
procedure are executed, then control 1s 
returned to the place from which the oe 
dure was originally called. 


The 8088 instructions to call and return from 
a procedure are CALL and RET. These 
instructions come in two flavors — minasee 
ment and: intersegment. | 


The intersegment instructions push (CALL) 
and pop (RET) both the segment and the 
offset of the place where the es 
should return. ees 


The intrasegment « ones push and pop only the 
offset. 


Near and Far 

Procedures called with intrasegment CALLs 
must return with intrasegment RETurns. 
Such procedures are known as NEAR 
procedures. Similarly, procedures that are 
called with intersegment CALLs must return 
with intersegment RETurns and are known 
as FAR procedures. 


The procedure-definition statements, PROC 
and ENDP (end procedure), delimit a proce- 
dure and indicate whether it is a NEAR or 
FAR procedure. This helps the assembler in 
two ways. First, when assembling CALLs to 
that procedure, ‘the assémbler will know 
which kind of CALL to assemble. Secondly, 
when assembling RETs from that procedure, 
the-assembler will know which kind of RET 
to assemble: (see table on next'page)  — 


Since UP_COUNTis declared to be NEAR 


procedure, all CALLs to it are assembled as 
intrasegment CALLs, and all RETurns with- 
in it are assembled as intrasegment returns. 

This example points. out some: similarities 
between the RET instructions and the: HLT 
instruction.: There may. be more than one 
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MYCODE SEGMENT. 
UP_COUNT PROC NEAR 
ADD CX,1. 
a RET . 
UP_COUNT ENDP 
START: ee 
CALL UPCOUNT | 
CALL UPCOUNT 
0 AMET 
MY_CODE ENDS 
END 


START 


RET in a-procedure,. just as there may be 
more than one HLT in a program. 

The last instruction in a procedure (program) 
need not be a RET *HLT); but; if it isn’t; that 
instruction should be a jump back to some- 
where within the procedure.(program). 

The END (ENDP) tells the assembler where 
the procedure (program) ends, but does not 
cause the assembler to generate a RET 
(HLT) instruction. 


Termination Statements 

With one exception, each terminating state- 
ment is paired up with some beginning 
statement. For example, SEGMENT and 
ENDS, PROC and ENDP. These terminat- 
ing statements are described with their 
corresponding beginning statements. . 


The one exception is END, which flags the 
end of the source program. It tells the 
assembler that there are no more instruc- 
tions to assemble. The form of the END 
statement is 


END expression 


where the expression must yield a memory- 
address value. That address is the address of 
the first instruction to be executed when the 
program is executed. 


The following example illustrates the u use of 
the END statement: | 
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START: 


END  . START 
Instruction Statements | 

The instruction statements, for the most sare 
correspond to. the instructions of the 8088 
processor. Each instruction statement causes 
the assembler to generate one 8088 instruc- 
tion. An 8088 instruction consists of an 
opcode field and fields specifying the operand- 


addressing mode (mod field, r/m field, reg. 
field). 


So the instruction statements in ASM-86 
must contain. an instruction -mnemonic as 
well as sufficient addressing information to 
permit the assembler to generate the instruc- 
tion. 


INSTRUCTION MNEMONICS 


Most of the. instruction mnemonics are the 
same as the symbolic opcode names for the 
8088 instructions. Some additional instruc- 
tion mnemonics, NIL and NOP, make the 
assembly language more versatile. 


No-Operation | 

The instruction mnemonic NOP | causes the 
assembler to generate the 1-byte instruction 
that exchanges the contents of the AX 
register with the contents of the AX register 
(hexadecimal opcode 90). Besides not doing 
anything, NOP doesn’t waste any time not 
doing it, since it doesn’ t make any memory 
accesses. Does it seem strange to waste 
precious memory locations on instructions 
that do caeuisd There are Boer reasons for 
doing so. 


The NOPs me serve as eeiaies for 
instructions to be. filled in later, possibly 
when the program is executing — an old trick. 
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They might also be used to slow down a 
portion of the program where precise timing 
relationships are important. : 


Placeholder 

NIL is the only instruction mnemonic that 
does not cause the assembler to generate any 
instructions. In contrast to NOP, which 
causes the assembler to generate an instruc- 
tion that does nothing when executed, NIL 
doesn’t even cause an instruction to” be 
generated. ; 


NIL serves as a convenient placeholder for 
labels i in the assembly-language program: 


CYCLE: NIL: 
“INC “AX 


aitnomah this is equivalent to | 

CYCLE: .INC. AX. 

the NIL makes it much easier to insert 
instructions ahead: of the INC: instruction in 
the source program, if the need arises later. 


- INSTRUCTION PREFIXES 

The 8088 instruction’ set permits instructions 
to‘start off with‘one or more prefix ee re 
three possible prefixes a are: 


1) segment-override 
2) repeat 
3) lock 


ASM-86 permits the following prefixes to be 
included wah the instruction mnemonic: 


LOCK | 

REP |. (repeat) 7 

REPE  _ (repeat while. equal) 
REPNE | (repeat. while not equal) 
REPZ __. (repeat while zero). 
REPNZ | a (repeat while non-zero) | 


A sample instruction vateinent using a prefix 
CYCLE: | LOCKDEC ‘COUNT 


The segment-overriding prefix is generated 
automatically by the assembler whenever the 
assembler realizes that a memory access 
requires such a prefix. The asembler makes 
this decision in two steps. 


First, it selects a segment register that will 
make the instruction execute properly. The 
assembler selects the segment register based 
on information it received from previous 
ASSUME statements. However, we can 
force the assembler to select a particular 
segment register by including that toute in 
the instruction as in: 


MOV BX,ES:SUM 


Secondly,- the assembler determines if a 
segment-overriding prefix is necessary to 
force execution of the instruction: to use the 
selected ne eee 


OPERAND-ADDRESSING MODES . 

The 8088 processor provides various , operand- 
addressing modes. ASM-86 must therefore 
provide a,means of expressing each mode 
when writing instruction ‘statements: For 
example: 


1) Immediate: 


MOV AX15 _ _;15 is an immediate operand 
2) Register: wee _ 
MOV AX,15 ;AX is a register operand . 
3) Direct: 


SUM DB... ?. 
, .MOV. SUM,15 -SUM. is a direct. memory 
- aa eperand 
4) Indirect iioueh base peer: 


MOV 
MOV 


AX, (BX) 
AX,(BP) 


5) Indirect through index register: _ 


MOV AX, (Sl) 
MOV AX, (DI) 
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6).-Indirect through nae eer ais mdex 
register: . 


MOV | (BX)- (SI) = 
MOV. = AX,(BX) . (DI) 
MOV =: : AX,(BP) . (SI) 
MOV AX,(BP) --.° (Dl) 


7) Indirect through base, or index register 
plus offset: 


MANY_BYTES DB 100 DUP(?) © 


MOV AX,MANY:BYTES(BX) 
MOV AX,MANY.BYTES(BP) 
MOV AX,MANY_BYTES(SI) . 
MOV | AX,MANY BYTES(DI) 


8) Indirect through base register plus index 
register plus offset: 


MANYBYTES DB 100DUP(?) | 


MOV 


AX,MANY_BYTES(BX) (S I) 
MOV AX,MANY_BYTES(BX) (DI) 
MOV AX,MANY_BYTES(BP) (Sl) 
MOV AX,MANY_BYTES(BP) (DI) 


The assembler uses its knowledge about a 
memory location’s type when generating 
instructions that reference that memory 
location. For example, the assembler gen- 


assembler to know the type of the Biemory 


location, as illustrated by: 


MOV as (BX) 


Even though the assembler does not. ed 


the type of the source operand in the above 
instruction, it does know that the type of the 
destination operand, AL, is BYTE. So the 
assembler assumes that (BX) is also of 
type BYTE and generates a byte-move 
instruction. 


om 


But now consider the statemenrtt: 
INC (BX) 


There is no second memory location here to 
help the assembler determine the type of 
(BX). So the assembler cannot decide whether 
to generate a byte-increment instruc- 
tion or a word-increment instruction. The 
above statement must therefore be written.as 
shown so the Bose can determine ue 


type: ee 
INC BYTE PTR (BX) sea tiastiel 
or a | 


_ INC WORD - (BX) ;aword-increment 


erates a byte-increment when encountering ~ 


the following: 


SUM DB a ;type is BYTE 


INC SUM ;a byte increment 
However, with indirect operand-addressing 
modes, it is not always possible for the 


STRING INSTRUCTIONS 

The assembler can usually discern the type‘of 
an operand from its declaration, and hence 
know what kind. of code to generate. for 
accessing that operand. 29 


However, we have just seen that, when using 
an indirect-addressing mode, we might have 
to supply the assembler with additional 


information so it can determine the type. 


String Primitives 


String instructions also need such additional 
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information. Consider the string instruction 
“MOVS. 


This instruction moves the contents of the 
memory address whose offset is in SI into the 
memory address. whose offset -is in DI. We 
should not need to: specify any operands, 
since the instruction has no choice as to 


which items to move and where. 
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-However, the instruction could move either a 

byte or a word. The assembler must. know 
which is being moved, so it can generate-the 
correct instruction. For this reason, the 
ASM-86 statement ‘for the’ MOVS instruc- 
‘tion must “specify’the ‘items that have been 
tnoved into Sl and DI. 


For example:, 


a ee 
ar a ees 


ALPHA — DB ae 


BETA DB 2 
_ MOV- Sl, OFFSET ALPHA : 
“MOV” * DILOFFSET BETA © 7 


‘MOVS..”  .:BETA,;ALPHA - 


The preserice of BETA’ and ALPHA in the 
MOVS statement tells'the assembler to gen- 
erate a MOVS instruction that’ moves bytes; 
because the TYPE’ components of both 
BETA and ALPHA are BYTE. Further, 
from the SEG components of BETA and 
ALPHA, the assembler determines if the 


operands: of the. MOMS instruction are inac- 
cessible segments. The OFFSET components 
of ALPHA and. BETA are ignored.. . 
Like MOVS, the other four string primitives 
contain operands, MOVS and CMPS have 
two operands, while SCAS; LODS, and 
STOS have one. For example:: 7 


CMPS 


| BETA ALPHA | 
SCAS ALPHA 
LODS ALPHA 
STOS BETA | 


XLAT also requires an operand; the item 
that was moved.into BX to serve as the trans- 
lation table.. The SEG. component of this 
operand enables. ‘the assembler to determine 
if the translation table is ina currently. access- 
ible segment; the OFFSET component is 
ignored. An example of an XLAT s statement 
IS as follows: 


MOV BX,OFFSETTABLE 
XLAT TABLE 


Details of ASM- 86 


Sample One: |: oe : 
Translate the values. oni input port’! into a 
Gray code and send result-to ‘output port 1. 


_ . MY_DATA SEGMENT 


GRAY = =—.——s«é@DWBBESC=B 18H,34H,05H;06H,09H,0AH,0CH,11H,12H,14H 
._ MY_DATA™*” ~— ENDS 

MY _CODE SEGMENT . 

= . | . ASSUME Le Cs: MY— CODE, DS: MY _ -DATA 

GO: ~ - MOV ~*~ AX,MY— DATA establish datasegment © °. 

: MOV DS AX 

MOV _ 'BX;OFFSET GRAY ‘translation table into BX 

CYCLE: IN AL,1 ‘read in next value 

were 2 XLAT | 04 GRAY ~ “jtranslate it 

x, _,OUT bee A 1,AL output it 
ee’ - JIMP CYCLE sand -repeat 

‘'MY_CODE'' -. ENDS ee: 

. Ce 8S END, = —=: © ':GO: 
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Sample Two: 


Add two unpacked BCD (ASCII) strings 


together. 


MY DATA 
STRING _1 
STRING_2 
MY_DATA 


MY —CODE 


GO: 


MY_CODE’ “EN 


SEGMENT ee | 
DB 47,52 value is 25710 
DB Bcd vie HR a ane svalue is 4183 erat 
ENDS ie Nate me 
SEGMENT 
ASSUME CS:MY__CODE, DS:MY_DATA | 
MOV AS,MY _ DATA . sé@stablish data segment 
MOV ..f*.  DS,AX™ m ee . 
f° CLC. i :no carry initially 
3: CLD =. i Be Ms ‘forward strings 

MOV SI,OFFSET STRING —1 ;establish string pointers 
MOV DI,OFFSET. STRING _— 2 ee 

' LODS: 2 STRING — a get STRING_1 element 

ADC AL(ON add STRING_2 element 

~ AAA | ‘correct for ASCII 
‘STOS STRING 2 _ ‘result into STRING_2 
JCXZ CYCLE - ;repeat for extra string 
HLT aaa: ee. os ‘correct for ASCII 
ENDS wake Co | 

" END’ GO...) 


Sample Three: 


Decimal multiplication 


MY_DATA 
A 
B 
C 
MY DATA 


MY._CODE 


GO: 
MOV 


CYCLE: 


MY— CODE 


algorithm. 


SEGMENT 

DB i Seo a i 

DB 6’ 

DB LENGTH (A) DUP (?) 

ENDS 

SEGMENT 

ASSUME CS:MY—CODE,DS:MY—DATA 

MOV AX,MY__DATA ;establish data segment 
DS,AX 

CLD ‘forward strings 

MOV SI,OFFSET A ‘establish pointers 
MOV DI,OFFSET C 

MOV CX,LENGTH A ;establish count 

AND B,OFH ‘clear upper half of b 
MOV BYTE PTR [SI],0 ‘clear c[I] 

LODS A get a[i] 

AND AL,OFH clear its high-order bits 
MUL AL,B ‘multiply by b 

AAM ‘correct for ASCII 
ADD [D1] ;add to c(i] 

AAA ;adjust for ASCII 
STOS C ‘store in cli] 

MOV [DI],AH ;..and c[I] 

JCXZ CYCLE repeat for entire string 
HLT 

ENDS 

END GO 
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Sample Four: 
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Move 50 bytes between two overlapping 


strings. 


MY _DATA 
STRING 

STRING _1 
STRING_2 
MY —DATA 


MY_CODE.. - . 


GO: 


OK: 


MY_CODE 


STRING_SIZE | 


SEGMENT 


ASSUME 


ADD 


1000 DUP (?) 
STRING+7 
STRING+25 


} 


CS:MY__CODE, DS:MY__DATA 
50 

AX,MY_DATA 

DSAX. 0s 
GX,STRING_ SIZE 
SI,OFFSET STRING_1 
DI,OFFSET STRING_2 


SI,DI 
OK 


SI,STRING_SIZE—1 
DI,SSTRING_ SIZE—1 
STRING — 2,STRING—1 


GO 
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‘number of bytes to move 
‘establish data segment 


source string 

‘destination string 
assume a forward move 
;if source string comes first 


;..we need backwards move 
set S! and DI to 
;..end of strings 
‘move the string 
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DUAL FUNCTION: KEYWORD/SYMBOLS 


FSUBRP 
FTST. 
FWAIT 


Figure 2-14. ASM-86 Reserved Words 
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NON-CONFLICTING KEYWORDS  ~= HANDS-OFF. KEYWORDS ~ 


DA 
DATE | 
DEBUG 
EJ 
EJECT 


EP... 
ERRORPRINT 
GEN | 


NOOBJECT 
NOOJ. 
NOPAGING 
NOPI 


NOSYMBOLS > 
-NOXR _ 


OBJECT 


OJ ee 
| PAGELENGTH 
PAGEWIDTH 
PAGING 

PI 


INE. 
NEAR | 
NOSEGFLX — 


NOPR 
NOPRINT 
NOSB 


NOXREF 


Figure 2-14. ASM 86 Reserved Words (Continued) 
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REF 


IDENTIFIER 


destination _ 
source 
source-table 
target 
short-label. 


accumulator 


| po rt nt 


. Source-string 


dest-string 


interrupt-type 


optional-pop-value 


external-opcode 


REFERENCES . 
FOR INSTRUCTION SET 


REF 


Key to following Instruction Set Reference Pages — 


data transfer, 
bit manipulation 


data transfer, 
arithmetic, 
bit manipulation 


XLAT 


JMP, CALL 


cond. transfer, 


iteration control 


IN, OUT 
_ IN, OUT 


‘String ops. 


string ops. 


shifts, rotates 


EXPLANATION 


A register or memory location: that may contain data 
operated on by the instruction, and which receives (is 
replaced by) the result of the operation. — | 


A register, memory location or immediate value that is. 
used in the operation, but is. not averted: by. the. 
instruction. 


Name of memory translation table addressed by 
register BX. ~ a ; 


A label to which control is to be iransferted directly, or 
a register or memory location whose content is the 
address of the location to which control is to be 


~ ‘transferred indirectly. 


A label to which control is to -be conditionally. - 


transferred; must lie within -128 to +127 ee of the 
~ first byte of the next instruction. 


- Register AX for word transfers, AL for bytes. 
An |1/O port number; specified as an immediate value of 


.0-255, or register DX (which contains. port number in 
‘range 0-64k). 


Name of a string in memory that is addressed hy 
register SI; used only to identify string as byte or word 


and specify segment override, if any. ‘This string is .| 


used in the operation, butis not altered. 


Name of string in memory that is addressed by register 
DI; used only to identify string as byte or:word. This 


“string receives (is replaced -by) the result of the 
operation. 


| Specifies number of bits to shift or rotate; written as 


immediate value 1 or register CL (which. contains the 
count inthe range 0- 255). 


Immediate value of 0-255 identifying scHupk pointer 
number. 


Number of bytes (0- 64k, oman an even number) to | 
discard from stack. 


Immediate value (0-63) that is encoded in the instruction 
for use by an external processor. — 


< meee % : : 
aes see 
+ feb et 
’ wo 
yt 
. % 1 
; . 
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REF 


FOR: INSTRUCTION SET 


Key to Operand Types 


IDENTIFIER 


(no. operands), 


register: 
reg 16 
seg-reg - 


accumulator — 


immediate 


immed8 


memory vo 


memés 
mem16 
source-table:. 


source-string 


dest-string 


DX 
short-label 


far-label 
near-proc 


far-proc 


memptri6 | 


memptr32 | 


regptri6 _.. 


™ Any addressing mode—direct, 


-An’. 8-: 
location’. : 


‘An8-bit memory location? | 


EXPLANATION 


No operands arewritten |. 


An 8- or 16-bit general register — 


An 16-bit general register 


|-Asegmentregister ~_ 
‘Register AX of AL 


A constant 1 the ange 


|. 0-FFFFH | 
A constant in the range 0-FFH © 
memory | 


16- bit 


A 16-bit memory location” 


Name. of 256-byte translate 
table . -. 


Name of string addressed by 


register SI 


Name of string, addressed by 
| registerDI . 


Register DX 


A label within -128 to +127 


1 bytes - of the end of the |: 
-instruction . 


near-label:: -. 


A label 
segment -: 


A. label 


in current code 


in eam oiner code 


segment 


A procedure i in current code 
segment 


A procedure in another. code . 
‘segment’. 


| A word containing. the offset of 


the location in the current code 
segment. to which.control is to 
be transferred” 


A_doubleword containing the. 
4 offset and the segment base | _ 
ocation in:| 


address of the 
another code segment to 


which control is as ‘be trans-— 


ferred 


A.. 16-bit ene 
containing the offset of the 
location in the current code 
segment to which control is to 
be transferred 


A string instruction 


rah repeat 


register 


indirect, based, indexed, or based indexed— 
may be used (see section 2. 8). 


“| BACOMPONENTS 
| Base or Index Only (BX.BP,SI, Dl) — 


‘register |. 


1§ 14 13 12 41 10 9 

PELL brprpr priser] le] Pe] Ter 
CARRY 
PARITY 
AUXILIARY CARRY _ 
ZERO 
SIGN 
TRAP 

— INTERRUPT | 

DIRECTION 
OVERFLOW 


Effective Address Calculation Time 


sae amy 


Displacement Only 


‘Displacement 


(BX,BP,SI,DI) 
BP+DI,BX+SI | _ 
BP +SI, BX +DI 


+ 
Base or r Index 


- Displacement BP +DIi+DISP 
: a BX+SIl+DISP 
Base | , 
+ BP+SI+DISP 


Index BX + DI+DISP 


*Add 2 clocks for segment override 
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‘‘reg’’ Field Bit ee 


“esta [esnwso [ seamen 


‘‘mod”’ Field Bit Assignments: 


mod xxx r/m 


DISP = 0*, disp-low and disp-high are absent 

DISP = disp-low sign-extended to 16-bits, disp-high is absent 
DISP = disp-high: disp-low 

r/m is treated as a ‘‘reg’’ field 


DISP follows 2nd byte of instruction (before data if required). 
*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 


Operation: 2:22: sos)" Flags Affected: 


if (AL) & OFH) >9 or ae = 1 neh AF, CF.. 


Description: 


AAA (ASCIEL Adjust for Addition) changes 


the contents of register. AL toavalidunpacked 9 bre Ue ee 
decimal:.number; :the :high-order half-byte: is apt ak TO a eae 


zeroed.. AAA .updates-AF and. CF;:the content 
of OF, PE, SF:and:ZF-is. ental aa ae 
execution of: AAA. i. 2 60 eiBoes ae! 


Encoding: 
00110111 


AAA: Operands: . 


(no operands) mA ves 


( ae ms “4 
(AL) < (Ak). +,6-: | OF, PF, XF. ZF edcine mE 
( 
( 


AAD 


Operation: 


(AL) < ee 
(AH) <0: 


OAH + (AL) 


Description: 


AAD (ASCII Adjust for Division) modifies 
the numerator in AL before dividing two valid 
unpacked decimal operands so that the quo- 
tient produced by the division will be a valid 
unpacked decimal number. AH must be zero 


Encoding: 
11010101 | 00001010 


ASCII ADJUST 
FOR DIVISION. 


Flags Affected: 


PF, SF, ZF:: eee Sat 
AF, CF, OF undefined : 


for the subsequent DIV to produce the correct 
result. The quotient is returned in AL, and the 
remainder is returned:in AH; both high-order 
half-bytes: are zeroed. AAD updates PF, SF 
and ZF; the content of AF;.CF and OF is 
undefined following executionof AAD. —_ 


AAD.:.Operands: .: 


'. Clocks | T ey | Bytes AAD Coding Example: . 7 


ae rc 


Operation: 


(AH) =< (AL) / OAH ee 
(AL)<(AL)% OAH: - 


Description: 


AAM (ASCII: ‘Adjust. for Multiply) corrects 
the result -of'a. previous. multiplication’ of two 
valid unpacked. decimal operands. A valid. 2- 
digit unpacked decimal ‘number is derived 
from the content of AH..and AL and.is 


Encoding: 
11010100 | 00001010 


AAM Operands | 


(no operands) 


ASCII ADJUST 
- FOR MULTIPLY 


Flags Affected: 


AAM 


‘PF, SF, ZF. 
AF, CF, OF undefined 


returned to AH and AL. The high-order half- 
bytes of the multiplied operands, must. have 
been OH for AAM to produce a correct result. | 
AAM updates PF, SF and ZF; the content of 
AF, CF and OF is undefined following execu- 
tion of AAM. 


Clocks | Transfers Bytes ‘AAM Coding Example | 


AAS __ASCIIADJUST  — AAS 
AAS rorsustraction AAS 


Operation: =  ..._ Flags Affected: 
if ((AL) & OFH) > 9 or (AF) 4 then AF, CF. 
(AL) < (AL) -6 OF, PF, SF, ZF indeiined: 
(AH) < (AH) -1 
(AF) <1 
(CF) < (AF) 
(AL) < (AL) & OFH 
Description: 
AAS (ASCII Adjust for Subtraction) corrects register AL). AAS changes the content of AL 
the result ofa previous subtraction of two to a valid unpacked decimal number; the high- 
valid unpacked decimal operands (the destina- order half-byte is: zeroed. AAS updates AF 


tion operand. must. have been specified as and CF; the: content of OF, PF; SF and ZF. is 
7 | undefined following execution of AAS. 


Encoding: 


{00111111 


AAS — Clocks | ° Transfers Bytes AAS Coding Example | 
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ADDWITHCARRY ADC 


Operation: Flags Affected: 
if (CF) =1 then (DEST) < (LSRC) AF, CF, OF, PF, SF, ZF 
+ (RSRC) +1 


else (DEST) « (LSRC) + (RSRC) 


Description: 


ADC destination, source 


ADC (Add wih Cur) § sums i. Sesee aie 
which may be bytes or words, adds one if CF is © 
set and replaces the destination operand with 
the result. Both operands may be signed or 
unsigned binary numbers (see AAA and 
DAA). ADC updates AF, CF, OF, PF, SF and 
ZF. Since ADC incorporates a carry from a 
previous operation, it can be used to, write 
routines to add numbers longer than 16 bits. 
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ADC  ADDWITHCARRY 


Encoding: 
Memory or Register Operand with Register Operand: 


000100dw | mod reg r/m_ 


ifd =1 then LSRC = REG, RSRC = EA, DEST = REG 
else LSRC = EA, RSRC = REG, DEST =EA 


Immediate Operand to Memory or Register Operand: 
data if-s: w= 071] 


100000sw EET) MC 


LSRC = EA, RSRC = data, DEST = EA 


Immediate Operand to Accumulator: 


0001010w data if w=1 


if w= 0 then LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 


ADC Operands ADC Coding Examples 


register, register ADC AX, SI 
register, memory a +EA ADC DX, BETA [SI] 


memory, register 16(24) +EA -4 | ADC ALPHA [BX] [SI], Dl 
register, immediate 4 ADC BX, 256 

memory, immediate 17(25)+EA ADC GAMMA, 30H 
accumulator, immediate 4 ADC AL, 5 


*b(w): where b denotes the number of clock cycles for byte operands and 
Ww denotes the number of clock cycles for word operands. 
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Operation: Flags Affected: 
(DEST) < (LSRC) + (RSRC) AF, CF, OF, PF, SF, ZF 
Description; 


ADD destination, source 


The sum of the two operands, which may be 
bytes or words, replaces the destination 
operand. Both operands may be signed or 
unsigned binary numbers (see AAA and 
DAA). ADD updates AF, CF, OF, PF, SF and 
ZF. 
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Encoding: 
Memory or Register Operand with Register Operand: 


000000dw {mod reg r/m_ 


if d = 1 then LSRC = REG, RSRC = EA, DEST = REG 
else LSRC = EA, RSRC = REG, DEST = EA 


Immediate Operand to vila or Register Operand: 


100000sw |mod000r/m 


LSRC=EA, RSRC=data,DEST=EA 


i. zl data if w=01 ee 


Immediate Operand to Accumulator: 


0000010w data if w=1 


if w= 0 then LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 


ADD Operands ADD Coding Examples 


register, register ADD CX, DX 
register, memory | ADD DI, [BX].ALPHA 


memory, register - -4 | ADD TEMP, CL 
register, immediate -4 | ADDCL, 2 
memory, immediate 17 -6 | ADD ALPHA, 2 
accumulator, immediate -3 | ADD AX, 200 


“b(w): where b denotes the number of clock cycles for byte operands and 
| w denotes the number of clock cycles for word operands. 
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Operation: 
(DEST) < (LSRC) & (RSRC) 
(CF) <0 
(OF) <—0 
Description: ee 


AND destination, source. 


oe a8 ee ace ce 
x 
t. 


AND performs the logical “and” of the t two oo 
operands (byte or word) and returns the result: : 


Flags Affected: 
CF, OF, PF, SF, ZF. 


to the destination operand. A bit in the result.“ 
is set if both corresponding bits of the original 


operands are set; otherwise the bit is cleared. 
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AF undefined 


Encoding: 
Memory or Register Operand with Register Operand: 


001000dw 


ifd =1 then LSRC = REG, RSRC = EA, DEST = REG 
else LSRC = EA, RSRC = REG, DEST =EA 


Immediate Operand to Memory or Register Operand: — 


1000000w|mod100r/m| = data. data if w=1_ : 


LSRC =EA, RSRC = data, DEST = EA ~ 


Immediate Operand to Accumulator: 


0010010w| data | dataifw=1_ 


if w= 0 then LSRC = AL, RSRC = data, DEST = AL 


else LSRC = AX, RSRC = data, DEST = AX 


AND Operands AND Coding Examples 


register, register AND AL, BL 
register, memory AND CX, FLAG__.WORD 


memory, register . AND ASCII [DI], AL 
register, immediate AND CX, 0FOH 
memory, immediate AND BETA, 01H 
accumulator, immediate -3 | AND AX, 01010000B 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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© 7; El 
u ts 
at ear 
. ‘ 
7 ee : J 
i had % 
’ 4 i : 
, * ' + . 


Operation: 


if Inter-Segment then 
(SP) — (SP) -2 
((SP)+1:(SP)) <— (CS) 
(CS) < SEG 

(SP) — (SP) -2 

((SP)+1:(SP)) < 

(IP) <- DEST 


(IP) 


Description: 


CALL procedure-name 


CALL activates an out-of-line procedure, sav- 


ing information on the stack to permitaa REF =. 


(return) instruction 
transfer control back to the instruction follow- 


ing the CALL. The assembler generates a dif- 


ferent type of CALL instruction depending on 
whether the programmer has defined the pro- 
cedure name as NEAR or FAR. For control to 
return properly, the type of CALL instruction 
must match the type of RET instruction that 
exits from the procedure. (The potential for a 
mismatch exists if the procedure and the 
CALL are contained in separately assembled 
programs.) Different forms of the CALL 
instruction allow the address of the target pro- 
cedure to be obtained from the instruction 
itself (direct CALL) or from a memory loca- 
tion or register. referenced by the--instruction 


(indirect: CALL). In. the following: descrip- 
tions, bear in mind that the processor. auto- - 


matically adjusts IP to. point to the next 
instruction to. be. executed perore: saving it on 
the stack. : 

For an intrasegment direct CALL, Sp (the 
stack pointer) is decremented by two and IP is 
pushed onto the stack. The target procedure’s 


relative displacement (up - to +32k) from: 
the:CALL instruction is then added to the: 
instruction pointer. This CALL. instruction : 


L PROCEDURE 


in the procedure to’ 


CALL 


Flags Affected: 


form is ‘‘self-relative’’ and appropriate for 
* position-independent (dynamically- relocat- 
~ able) routines in which. the CALL and its 

target are move peso in the same segment. 


An siitaseemient aad CALL may be made 
through memory or a register.:SP is decre- 
mented by two; IP is pushed onto the stack. 
The target procedure offset is obtained from 
the memory word or 16-bit general register 
referenced in the instruction and replaces IP. 


For an intersegment direct CALL, SP is decre- 
mented ‘by two, and CS is pushed onto the 
stack. CS is replaced by the segment word con- 
tained in’ the instruction. SP again is 
decremented by two. IP is pushed onto the 
~ stack and So ae by the offset word in the . 
° “mnstruction.: . : 


For an snneeseeient dines CALL (which . 
only may be made through memory), SP is 
decremented by two, and CS is pushed onto | 
the stack.:CS is thien replaced by the content of | 
the second word of the doubleword memory 
pointer. referenced by the instruction. SP again | 
is decreménted by'two, and IP is pushed onto - 
‘the stack and replaced by the content of the 
‘first ‘word of the doubleword pointer refer- 
“enced by the instruction. 


~ 


Encoding: 
Intra-segment direct: 


11101000 disp-high 


DEST = (EA) 


Intra-Segment Indirect: 


11111111 {mod010r/m 


DEST = (IP) + disp 


Inter-Segment Direct: _ a 
10011010 | offset-low | offset-high |] 
[7 seg-low]_seg-high 


_ DEST = offset, SEG = seg 


‘Inter-Segment Indirect: | 


14111111 mod011r/mj_ _ 


DEST = (EA), SEG = (EA + 2). | os 


CALL Sherinds [Bytes CALL Coding er : 
near-proc | | 5 {CALL NEAR__ PROC - | 
far-proc: =| 28(36) - 5 |CALLFAR_PROC .. 
memptrié = =—s_ | 21( EFA}: -2 -4 |CALL PROC_TABLE [Sl] | 
regptr 16 | i 4) | 4 }..2  |CALL AX _ | 


memptr32  —«- | 37(57)+ EA | | CALL [BX].TASK [SI] _ 


*b(w): where b denotes the number of clock cycles for byte operands ane 
w denotes the number of clock cycles for word operands. | 
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CONVERT BYTE er 
TO WORD CBW 


Operation: . «.- ~~ Flags Affected: 


if (AL) < 80H then (AH) <0 else (AH) << FFH None 


Description: 


CBW (Convert Byte to Word) extends the sign 
of the byte in register AL throughout register 
AH. CBW does not affect any flags. CBW can 
be used to produce a double-length (word) 
dividend from a byte prior to performing byte 
division. 


Encoding: 


10011000 
7 CBW Operands * Clocks:} Se CBW Coding Example 


(no operands) 


LC ‘CLEAR CARRY 


Operation: Flags Affected: 


(CF) <0 es CF 


Description: 


CLC (Clear Carry flag) zeroes the carry flag 
(CF) and affects no other flags. It (and CMC 
and STC) is useful in conjunction with the 
RCL and RCR instructions. 


ee . 
6 bo bie 8 


Encoding: 


11111000 


- Transfers. Bytes’ cLe Coding Example Bh 


cLe Oo peran ds. 
(no operands) io. 20 an | 1 
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ID CLEAR DIRECTION 
LD FLAG ~ 


Operation: 02:0. * 2." Flags Affected: 


(DF)< 0 : DF 


Description: 


CLD (Clear Direction flag) zeroes DF causing 
the string instructions to auto-increment the SI 
and/or DI index registers. CLD does not 
affect any other flags. 


Encoding: 
11111100 


CLD Operands. |. Clocks. Transfers| Bytes CLD Coding Example 


(no operands) 


~ CLEAR INTERRUPT 
ENABLE FLAG 


. f iv iS cit Reo ees Go Sa HRY cs agi wei Ne OS ee 
Operation: sin: 402." Flags Affected: oosigic.. 


H H ; e : f ; as 
be Bote a tana oy or 
Bh se eR ae 
a wis Moat ew BL ey fee 
* 


CLI (Clear Interrupt-enable flag) zeroes IF. ee ee ee ee ee eee 
When the interrupt-enable flag is cleared, the Pic, “aT Atte DAS iy 2 2 Ie, te, 

8086 and 8088 do not recognize an external = oe a ae oe 
interrupt request that appears on the INTR 

line; in other words maskable interrupts are 

disabled. A non-maskable interrupt appearing 

on the NMI line, however, is honored, as is a 

software interrupt. CLI does not affect any 

other flags. 


Encodi ng: eeeee eee i 
11111010 eat ae 


| -€LlOperands. 
1 ( 


| “Cloeks*| Transfers ‘Bytes|+CLI Coding Example 


nooperands) f 2 | >t 


CARRY FLAG 


Operation: ss)... as.i Flags Affected: 


if (CF) =0 then (CF) +1 else (CF). 0 CF 


Description: 


CMC (Complement Carry flag) ‘‘toggles’’ CF 
to its opposite state and affects no other flags. 


hee 


’ . ' , ae 
+ s } 


Encoding: 


11110101 


CMC Operands Bytes | CMC Coding Example 
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Operation: - =. °* Flags Affected: 
(LSRC) - (RSRC) ‘AF, CF, OF, PF, SF, ZF 
Description: 


CMP destination, source 


CMP (Compare) subtracts the source from the SF and ZF. The comparison reflected in the 
destination, which may be bytes or words, but flags is that of the destination to the source. If 
does not return the result. The operands are a CMP instruction is followed by a JG (jump 
unchanged, but the flags are updated and can if greater) instruction, for example, the jump 
be tested by a subsequent conditional jump is taken if the destination operand is greater 
instruction. CMP updates AF, CF, OF, PF, than the source operand. 
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e ~ lanes 
rv. 
a ’ ‘ rors 
Keser 
= ae 
. . ‘te 


Encoding: | ae 
Memory or Register Operand with Register Operand: — 


001110dw | mod reg r/m_ 


ifd =1 then LSRC = REG, RSRC=EA 
else LSRC = EA, RSRC = REG ecee tes, 


Immediate Operand with sinh or Register ee 


nih T00000sw mod111r/m. Mh _ [eataits: -w=01| 
. LSRC =EA,RSRC=data 


Immediate Operand: with Accumulator: 


(ooriitow] data | dataifwot_ 


if w=0 then LSRC = AL, RSRC = data 
else LSRC = AX, RSRC = data 


CMP Operands Bytes | CMP Coding Examples 


register, register |..2 -|CMPBX,CX . «ss. > 
register,memory Ss | —— are oom 2 iD: | CMP DH, ALPHA: 3°» 
memory, register CMP [BP + 2], SI 
register, immediate - — ee | ie 3-4 | CMP BL,.02H . 7 
| ‘memory, immediate | 14)+EA} — | 3-6. cor (BX). RADAR {DI}; 


accumulator, immediate fo |e 28 PCMP AL, 000100008 


*b(w Yt where b denotes the number of.clock cycles for byte operands and 
| w denotes the number of.clock cycles for word operands. 


2-63 


é . Bea. 
. ' y 
‘ 
a5 é 
. d 
il ‘ 
ne . 
te , Pls 


Operation: 


S COMPARE STRING 
(BYTE OR WORD) 


Flags Affected: 


(LSRC) - (RSRC) 
if (DF) =0 then 
(Sl) — (Sl) + DELTA 
(DI) — (DI) + DELTA 
else 
(SI) — (SI) - DELTA 
(DI) — (DI) - DELTA 


Description: 


CMPS destination-string, source-string . 


CMPS (Compare String) subtracts the destina- 
tion byte or word (addressed by DI) from the 
source byte or word (addressed by SI). CMPS 
affects the flags but does not alter either 
operand, updates SI and DI to point to the 
next string element and updates, AF, CF, OF, 


PF, SF and ZF to reflect the relationship of the | 
destination element to the source element. For 


example, if a JG (Jump if Greater) instruction 


follows CMPS, the jump is taken if the des- 


Encoding: 


1010011 w 


CMPS 


AF, CF, OF, PF, SF, ZF 


tination element is greater than. the source 
element. If CMPS is prefixed with REPE or 


~ REPZ, the operation is interrupted as. ‘“‘com- 


pare while not end-of-string (CX not zero) and 
strings are equal (ZF = 1).’’ If CMPS is 
preceded by REPNE or REPNZ, the operation 
is interrupted as ‘‘compare while not.end-of- 
string (CX not zero) and strings are not equal 
(ZF = 0).”’ Thus, CMPS can be used to find 


- matching or differing string elements. 


if w=0 then LSRC = (SI), RSRC = = (DI), DELTA =1 
else LSRC = 


(SI) +1: (SI), RSRC = 


(DI) +1: (DI), DELTA = 2 


_CMPS Operands Clocks* | Transfers CMPS CodingExamples 
Aes source-string — — 22(30) 2 1 |CMPS BUFF1, BUFF2 
(repeat) dest-string, source-string | 9+22(30)/rep | 2/rep 1 | REP COMPS ID, KEY — 


*“b(w): where b denotes the number ‘of clock cycles: for byte operands and 
w denotes the number of clock.cycles for word operands. — : 
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CWD  CONVERTWORD Wy 
CWD yoDoUBLEWORD © 


Operation: «.:....:. = Flags Affected: 


eee = -None- 
else (DX)<FFFFH = - o 


Description: 

CWD (Convert Word to Doubleword) extends 
the sign of the word in register AX throughout 
register DX. CWD does not affect any flags. 
CWD can be used to produce a double-length 


(doubleword) dividend from a word prior to 
performing word division. 


Encoding: 
10011001 


| -@WD. Operands’ Clocks | Transfers Bytes CWD ee Example | 


(eoonwrresy [8 [= [1 low 
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DECIMALADJUST DAA 
- FORADDITION > 


: 
7 
5] 
P 
: 


Operation: ©...» °°" + Flags Affected: 
if (AL) & OFH) > 9 or (AF) =1 then AF,CF,PF,SF,ZF °° 3° 
MAF} <4 (AL) + 6 OF undefined’ = °° 
if (AL) > FH or (CF) =1 then 
in pat < (AL) + 60H 


Description: 


DAA (Decimal Adjust for Addition) corrects 
the result of previously adding two valid 
packed decimal operands (the destination 
operand must have been register AL). DAA 
changes the content of AL to a pair of valid 
packed decimal digits. It updates AF, CF, PF, 
SF and ZF; the content of OF is undefined 
following execution of DAA. 


Encoding: 
00100111 


DAA Operands | Clocks | ‘Transters|| [Daa Coding. Example 


(no operands) 


AS DECIMAL ADJUST HDA 
DAS FOR SUBTRACTION DAS 


Operation:  =—(i(CsttS Flags Affected: 
if (AL) & OFH) >9 or (AF) =1 then AF, CF, PF, SF,-ZF. 
(AL) <- (AL) -6 OF undefined 
if (AL) > 9FH or (CF) =1 then 
(AL) < (AL) -6OH 
(CF) <1 


Description: 


DAS (Decimal Adjust for Subtraction) cor- 
rects the result of a previous subtraction of 
two valid packed decimal operands (the desti- 
nation operand must have been specified as 
register AL). DAS changes the content of AL 
to a pair of valid packed decimal digits. DAS 
updates AF, CF, PF, SF and ZF; the content 
of OF is undefined following execution of 
DAS. 


Encoding: 


[00101111 | 
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DAS Coding Example _ 
DAS” ; 


Peeve ycictioe 


joe 7 
% Mbps! : 
ie i neni 
a 


wee 


Operation: = ~.: -.- Flags Affected: 
(DEST)=(DEST)-1 = -AF,OF;PF,SF;ZFo 
Description: 


DEC (Decrement) subtracts one from the 
destination operand. The operand may be a 
byte or a word and is treated as an unsigned 
binary number (see AAA and DAA). DEC 
updates AF, OF, PF, SF and ZF; it does not 
affect CF. 


Encoding: 
Memory or Register Operand: 


1111111w j|mod001r/m 


DEST=EA 


Register Operand: 


DEST =REG 


DEC Operands Bytes |DEC Coding ee 


DEC AX” 


a 15(23)+4EA| 2. | 2d [DEC ARRAY. [Sl]. 


| rr ): where b denotes: the number of clock cycles for byte operands and 
.w denotes the number of clock cycles for word operands. . 
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lV DIVIDE AY, 


Operation: 


(temp) < (NUMR) 

if (temp) / (DIVR) > MAX then the 
ollowing, in sequence 

See Le a 
<—(SP)-2 

SP) )+1:(SP)) — FLAGS 


) - 
:(SP)) — (CS) 
2) i.e., the contents of 
e a locations 2 and 3 


P)+1:(SP)) < (IP) 
) — (0) i.e., the contents of 
ocations 0 and 1 


— UM 


else 
(QUO) < (temp) / (DIVR), where 
/ is unsigned division 
(REM) < (temp) % (DIVR) where 
% is unsigned modulo 


Description: 


DIV source 


DIV (divide) performs an unsigned division of 
the accumulator (and its extension) by the 
source . _operand. If the source. operand is a 


byte, itis divided into the’ double- Jéngth divi- 


dend-assunied to bein. registers AL and’ AH.- 
The single-length quotient is returned in AL, 
and the. single-length. remainder is. returned-i -in-- 
AH. Jf the. source operand ‘is a. word: ‘it: ists 
divided ‘into the double-length dividend in. 
registers AX and DX. The single-length quo- 


a ange : . : 


Flags Affected: 
AF, CF, OF, PF, SF, ZF undefined 


tient is.returned in AX; and the single- length 

remainder is returned in. DX. If. the -quotient 

_ exceeds the capacity of its destination register 

; ee for byte source, FFFFFH for word 

source); as When division by‘zéro is'attempted, 

a type 0 interrupt is generated, and the quo- 

- tient and remainder .are undefined. --Non- 

..jntegral quotients. are ‘truncated;:to integers. 

. The content of AF, CF;.OF, PF,-SF and ZF is 
_ undefined following execution of DIV. | oe 
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DIV. -’IVDE CDV 


Encoding: 
1111011w mod110r/m| 


eas : 0 then NUMR = AX, DIVR = EA, QUO = AL, REM = AH, MAX = FFH 
i DX:AX, DIVR = : EA, QUO =.AX, REM = DX, MAX = FFFFH | 


DIV Operands “Clocks [Transfers Bytes DIV Coding Example 2 
- 80-90 — |-2'lpwet | / 


144-162 DIV BX 
(86-96) ++ EA DIV ALPHA 
(154-172) + EA -4 |DIV TABLE [Sl] 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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Operation: . .°. . Flags Affected: 
if mod # 11 then data bus <.(EA) None 
Description: 


The ESC (Escape) instruction provides .a 
mechanism -by : which : other. processors 
(coprocessors)..may receive’ their: :instructions 
from the 8086-or 8088 instruction: stream:and 
make use of the 8086 or 8088 addressing 
modes. The CPU (8086 or 8088) does a no 
operation (NOP) for the ESC instruction other 
than to access a memory operand and place it 
on the bus. 


Encoding: 


T1071 


ESC Operands ee ea ESC Coding Example 


immediate, memory | se | 1. «|:« 2-4 [ESC 6,ARRAY.[SI] 
immediate, register | 2. |... J, 2) J ESC 20, Pls, ache ae 


*b(w): where b denotes the number of clock cycles for byte: operands and. 
| _wdenotes the number of clock cycles for word operands. . 7 
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HALT 


Operation:  =-—.—~S«..:~~---~Ss« Flags Affected: 
None . None 
Description: 


HLT (Halt) causes the 8086, 8088 to enter the receipt of a maskable interrupt request: on 
halt state. The processor leaves the halt state INTR. HLT does not-affect any flags. It may 
upon activation of the RESET line, upon be used as an alternative to an endless software 
receipt of a non-maskable interrupt request on ‘loop:in situations where a piogrem must wait 
NMI, or, if interrupts are enabled, upon for. an la as 


Encoding: 
{11110100} 


HLT Operands Transfers | Bytes| HLT Coding Example 
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IDIV 


Operation: 


(temp) — (NUMR) 

if (temp) / (DIVR) > 0 and (temp) 
| (DIVR) > MAX 

or Nea 2 / (DIVR) <0 and (temp) 

/ (DIVR) <0- MAX -1 then 

(QUO), tas) undefined 
(SP) < (SP) - 

Seal (SP) <- FLAGS 


SP) ~ (§P) -2 


(Quo) =< (temp) / (DIVR), where 
/ is signed division 

(REM) < (temp) % (DIVR) where 
% is signed modulo 


Description: 


IDIV source 


IDIV (Integer Divide) performs a signed divi- 
sion of the accumulator (and its extension) by 
the source operand. If the source operand is a 


byte,. it is divided into the double-length divi- » 


dend assumed. to be in registers AL and AH; 
the single-length quotient is returned in AL, 
and the single-length remainder is returned in 
AH. For byte integer division, the maximum 
positive quotient-.is +127 (7FH) and the 
minimum negative quotient is -127 (81H). If 
the source operand is a word, it is divided into 
the double-length dividend in registers AX and 
DX; the single-length qvonent is returned in 


INTEGER DIVIDE 


IDIV 


Flags Affected: 


AF, CF, OF, PF, SF, ZF undefined 


AX, and the single-length remainder is 
returned i in DX. For word integer division, the 
maximum positive quotient is +32,767 


| (7FFFH) andthe minimum negative quotient 


‘is —32,767 (8001H). If the quotient iS positive 


and exceeds the maximum, or is negative and 
is less than the minimum, the quotient and 


- remainder are undefined, and a type 0 inter- 


rupt is generated. In particular, this occurs if 
division by 0 is attempted. Nonintegral quo- 
tients are truncated (toward 0) to integers, and 
the remainder has the same sign as the divi- 
dend. The content of AF, CF, OF, PF, SF and 


_ ZF is undefined peer IDIV. 
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ID lV INTEGER DIVIDE IDIV 


Encoding: 


fatotw] mod 111 rim] ie 


ifw= 0 then NUMR = AX, DivR = EA, Quo = AL, REM = = AH; MAX = 7FH 
Dd aa Al ‘DX: AX, DIVR = “EA, quo = AX, REM = DX, MAX = = 7FFFH, 


iV Operands : ei “| Transfers. cn DIV Coding Example | sy 


4002 PU ov BL 
| 165-184 | —LIDIV CX. 
ie (OZLaRe EA , | 2-4 | IDIV DIVISOR BYTE [SI] . 
(175-194) + BA] 1 IDIV [BX].DIVISOR_.WORD 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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IMUL 


Operation: 


(DEST) < (LSRC) * (RSRC) where 
* is signed multiply 

if (ext) = sign-extension of (LOW) 
then (CF) <0 

else (CF) <1; 

(OF) < (CF) 


Description: 


IMUL source 


IMUL (Integer Multiply) performs a signed 
multiplication of the source operand and the 
accumulator. If the source is a byte, then it is 
multiplied by register AL, and the double- 
length result is returned in AH and AL. If the 
source is a word, then it is multiplied by 
register AX, and the double-length result is 
returned in registers DX and AX. If the upper 


Encoding: 


1111011w jmod101r/m 


INTEGER MULTIPLY 


IMUL 


Flags Affected: 


CF, OF 
AF, PF, SF, ZF undefined 


half of the result (AH for byte source, DX for 
word source) is not the sign extension of the 
lower half of the result, CF and OF are set; 
otherwise they are cleared. When CF and OF 
are set, they indicate that AH or DX contains 
significant digits of the result. The content of 
AF, PF, SF and ZF is undefined tollowing exe- 


cution of IMUL. 


if w=0 then LSRC = AL, RSRC = EA, DEST = AH, EXT = AH, Low = AL 
else LSRC = AX, RSRC = EA, DEST = DX: Lats EXT= DX, LOW = AX | 


—— 


| 128-154 
| (86-104) + EA 
7 (138- “164)+EA 


Transfers 


| IMUL uals euenile | 


2. [IMULCL “3 
4: |IMUL RATE. BYTE 
~PIMUL RATE WORD: [BP] (Dn 


“b(w): where b denotes the umber of slob cycles for byte operands and 
~ wdenotes the number-of clock cycles for word operands. 
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IN INPUT BY’ 
Operation: 

(DEST) < (SRC) 
Description: 


IN accumulator, port 

IN transfers a byte or a word from an input 
port to the AL register or the AX register, 
respectively. The port number may be speci- 


fied either with an immediate byte constant, 
allowing access to ports numbered 0 through 


“Encoding: 
_ Fixed Port:. 


7 a 


if w=0 then SRC = port, DEST = AL 
else SRC = port+1:port, DEST = AX 


Variable Port: 


141041 0w} «6. 


o a 1 4 
i : 


ifw= 0 then SRC = 
pee Geno 


IN Operands SG 


| accumulator, immeda: ey. 
-}-accumulator, DX: : ag 


aie “ert é ‘ 
. ‘ P : Laer ; H 
4 = = ‘ a a ‘ 
: ame oof ae ‘ 
nate Yo« ne ‘ en ey 


fi ts N 4 tee Foy fa 
s i 5 5 : ove . 7 vot 
i E » » | ae E vas 
i. ée - ah in § " - : 
Po hit : : ° a diay ) i 
ay a is Rares * 
ee ie ‘ - i 
: cal LA s we 


Flags Affected: 8 :.>+ °° é 


‘None | 


255, or with a number previously placed in the 
DX register, allowing variable access (by 
changing the value in DX) to:ports numbered 
from 0 through 65,535. 


a 
Pa oa 
3 1 
2 ites ie: 
f . 


Stn AL,OFFEAH = | 
oA gINFAX, DX goes | 


p(w): where: b. denotes. the number. of clock cycles. for. byte: operands. and 
w denotes the. number of clock.cycles:for. word:operands... 
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Operation: ~2i:-8i). ce: > FlagsAffected: ...fs2 °°) 


(DEST)< (DEST) +1 0 AEVORSPE SRP ee oo 


Description: 


INC destination < : : ee 


INC (Increment) adds one to the destination 

operand. The operand may be a byte or a word 

and is treated as an unsigned binary number eat: Side eee 
(see AAA and DAA). INC updates AF, OF, Pe Oe ale Aare 
PF, SF and ZF; it does not affect CF. 


b a ng : ce) : “. on eet eee ; . lg . - Migs i : i ane 
Encoding ae ; res Bags Ser s ne ae ae eve TN NG peqetad, mi. ie redo ae a : k ne: 
. . , : 
F - : = ent hope at 
oe ia 


4 ‘ a Soe aa gue “oo fre set sore Py ty, or ; oo a tee 
es ar 2 Paes . Ee . Hq Sid te oie cs a : v : oh ca ee es a ed is 


ee or. r Register Operand:. bar tet Sree ipah  ndeua 


aa pe ro Peo, oo ee net ~s oe eth : 
i s , ‘ ‘ a ‘ 
ie Peas ge Pega, i er oc er 2 Pee alee 4 a an 
‘. De - ety iota ae Sarita! : eee Fume 
mA 
exe t cei ee a ‘ ee ‘ . “4 - soot Paes tae 
“DEST sEA ott 4 tess. you, rie id Uta fe, : hoPlDS La igye 
a a cc “ote cots iy ee. an 
’ nr é AX ‘ ha ot . rere S r 
5 


"Register Operand; eo 
01000reg 


DEST = REG 


INC Operands INC Coding Example 


INC CX 
INC BL 
INC ALPHA [D1] [BX] 


Gate [Fanaer[ eyes 


2 — 1 
3 
15(23) + EA 2 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 


247 


< = . $2 

ae om ] 
f ae ‘ 

*. e ? *, 


Operation: 
SP) < (SP) -2 3 
(SP) +1: (SP)) — FLAGS 
TF) < 0 
(SP) +1:(SP)) < (CS) 


CS) <— (TYPE * 4 + 2) 
SP) < (SP) -2 
eae (SP)) < (IP) 


( 
( 
TE) = 
HEP) s SP -2 
( 
| 
(IP) < (TYPE * 4) 


Description: 


INT interrupt-type 


INT (Interrupt) activates the interrupt pro- 
cedure specified by the interupt-type operand. 
INT decrements the stack pointer by two, 


pushes the flags onto the stack, and clears the..:: . 


trap (TF) and interrupt-enable (IF) flags to 
disable single-step and maskable interrupts. 
The flags are stored in the format used by the 
PUSHF instruction. SP is decremented again 
by two, and the CS register is pushed onto the 
stack. The address of the interrupt pointer is 
calculated by multiplying interrupt-type by 
four; the second word of the interrupt pointer 
replaces CS. SP again is decremented by two, 
and IP is pushed onto the stack and is replaced 


INTERRUPT 


Flags Affected: 
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IF, TF 


by the first word of the interrupt pointer.: If 
interrupt-type = 3, the assembler generates a 
short (1 byte) form of the instruction, own 


cas the breakpoint interrupt. 


Software interrupts.can be used as ‘supervisor 
calls,’? i.e., requests for service from an 
operating system. A different interrupt-type 
can be used for each type of service that the 
operating system could supply for an applica- 
tion program. Software interrupts also may be 
used to check out interrupt service procedures 
written for hardware-initiated interrupts. 


INT INTERRUPT ~ INT. 


Encoding: 


1100110v | type if v=1 


ifv=0 then TYPE =3 
else TYPE =type 


| 52(72) 1 
~ 51(71) 2 


-*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock. cycles for word operands. 


| INT Operands” 


INT 3 
INT 67 


-immed8 (type = 3) 
-immed8 (type # 3) 


INT Coding Example | 
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INTO 


Operation: 


F)=1t 
P) < (SP) - 2 
1:(SP)) < FLAGS 


I oi i, gm, yl, ln, gl, gn, eg i, 
On- 


Description: 


INTO (Interrupt on Overflow) generates a 
software interrupt if the overflow flag (OF) is 
set; otherwise control proceeds to the follow- 
ing instruction without activating an interrupt 
procedure. INTO addresses the target inter- 
rupt procedure (its type is 4) through the inter- 


Encoding: 


11001110 


(no operands) 


INTERRUPT ON 
OVERFLOW 


Flags Affected: 


INTO 


None 


rupt pointer at location 10H; it clears the TF 
and IF flags and otherwise operates like INT. 
INTO may be written following an arithmetic 
or logical operation to activate an interrupt 
procedure if overflow occurs. 


Bytes| INTO C 


oding Example ah 


*b(w): where b denotes the number of clock cycles for byte operands.and 
w denotes the number of clock cycles for word operands. . 
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IRET INTERRUPTRETURN IRET 


Operation: © = = ——_—_—Flags Affected: 
IP) = (SP) +1:(SP)) a 


Description: 


IRET (Interrupt Return) transfers control 
back to the point of interruption by popping 
IP, CS and the flags from the stack. IRET thus 
affects all flags by restoring them to previously 
saved values. IRET is used to exit any inter- 
rupt procedure, whether activated by hard- 
ware or software. 


Encoding: 


“biw): where. b denotes the number of clock cycles for byte epeanee and 
.. wdenotes the number of clock cycles for word operands. pe 
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JA JUMPONABOVE JA 


JNBE vw Snes JNBE 


Operation: Flags Affected: 


if (CF) & (ZF) = 0 then None .-. | 
(IP) < (IP) + disp (sign- -extended 
to 16-bits) 


Description: 


Jump on Above (JA)/Jump on Not Below or 
Equal (JNBE) transfers control to the target 
opérand (IP + displacement). If the conditions 
(CF and ZF = 0) are above/not below or equal 
to the tested value. 


Encoding: 


oTto1it | disp 


JA/JNBE Operands Bytes| JA Coding Example 


‘Short. label See ip 


__°) | JNBE Coding Example 
esi © )JNBE ABOVE 
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DAE _—_—JUMPON ABOVE = 
JAE OR EQUAL JAE 


JNB JUMPONNOTBELOW JNB 


Operation: os | Flags Affected: 


if (CF) = 0 then | None 
(IP) < (IP) + disp (sign-extended 
to 16-bits) 


Description: 


JAE (Jump on Above or Equal)/JNB (Jump 
on Not Below) transfers control to the target 
operand (IP + displacement) if the condition 
(CF = 0) is above or equal/not below the tested 
value. 


Encoding: 


q710017 | disp 


ie } 


3 JAE/JNB Operands | | Clocks Transfers| Bytes JAE Coding Example 
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short-label 


JB i, JUMP PON BELOW 


JNAE ,guWPONNOT  JNAE 


Operation: ... Flags Affected: 
if (CF) =1 then : None 
(IP) < (IP) + disp (sign-extended 
to 16-bits) 
Description: 


JB (Jump on Below)/JNAE (Jump on Not 
Above or Equal) transfers control to the target 
operand (IP + displacement) if the condition 
(CF = 1) is below/not above or equal to the 
tested value. 


Encoding: 


ort Toore | asp) 


-JB/JNAE Operands | “Clocks: : ‘Transfers | [vies JB: Coding Example : 


shorttabel 


JBE OR EQUAL JBE 


"| TEND ON 
JNA NOT ABOVE 7 — 


Operation: Flags Affected: 
IF (CF) or (ZF) =1 then | None 
(IP)<(IP) + disp (sign-extended 
to 16-bits) 
Description: 


JBE (Jump on Below or Equal)/JNA (Jump 
on Not Above) transfers control to the target 
operand (IP + displacement) if the conditions 
(CF or ZF = 1) are below or equal/or not 
above the tested conditions. 


Encoding: 
qi1t0110[ disp 


JBE/JNA Operands _ Sineks: Transfers Bytes JNA Coding Example 


short-label: a : 2  JJNA NOT_ABOVE. | 


JC JUMPONCARRY £=&JC 


Operation: | Flags Affected: 


if (CF) = 1 THEN None 


(IP) — (IP) + disp (sign-extended 
to 16-bits) | a 


Description: 


JC (Jump on Carry) transfers control to the 
target operand (IP + displacement) on the con- 
dition CF = 1. 


Encoding: 


01170010] disp 
JC Operands 


J6-Goding Example 


- 2-86 


JCXZ REGISTER ZERO JCXZ 


Operation: an "Flags Affected: 
if (CX) =0 then None 


(IP) = (IP) + disp (signzextended neihese 
to 16-bits) 


Description: waedinig se £ 


JCXZ short-label 

JCXZ (Jump if CX Zero) transfers control to 
the target operand if CX is 0. This instruction 
is useful at the beginning of a loop to bypass 


the loop if CX has a zero value, i.e., to execute 
the loop zero times. 


Encoding: cytes 
11700011 [disp 


JCXZ Operands . Clocks: Transfers [Bytes| J JCXZ Coding. Example 


short-label Naps 5 | — | 2. |uCXZCOUNT-_DONE. 
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JE -« JUMPONEQUAL JE 
JZ .-«SUMPONZERO sO" 


Operation: Flags Affected: > 
if (ZF) =1 then one 


(IP) — (IP) + disp (sign-extended 
to 16-bits) 


Description: 


JE (Jump on Equal)/JZ (Jump on Zero) 
transfers control to the target operand (IP + 
displacement) if the condition (ZF = 1) is 
equal/zero on the tested value. 


Encoding: 
01110100 disp 


JE/JZ Operands | Clocks’ Transfers|Bytes|JZ Coding Example~ | 


| short-label 
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JG. 
JNLE 


Operation: 


if (SF) =(OF)) & ((ZF)=0) then 
(IP) < (IP) + disp (sign-extended 
to 16-bits) 


Description: 


JG (Jump on Greater Than)/JNLE (Jump on 
Not Less Than or Equal) transfers control to 
the target operand (IP + displacement) if the 
conditions (SF XOR OF) or ZF = 0) are 
greater than/not less than or equal to the 
tested value. 


Encoding: 


ott | disp 


| JG/JNLE Operands | 


es short-label 


JUMP ON GREATER 


JUMP ON NOT 
LESS OR EQUAL 


Transfers Bytes 
Titers = [2 I 


JG 
ae 


Flags Affected: 


None 


JG.Coding Example - 


IC _ JUMP ON GREATER ~ 
IGE OMOREQUAL SE 


JNL  JUMPONNOTLESS = JNL 


Operation: Flags Affected: — 
if (SF) = (OF) 0 then _ None _ 


(IP) < (IP) + disp (sign-extended 
to 16-bits) 


Description: 


JGE (Jump on Greater Than or Equal)/JNL 
(Jump on Not Less Than) transfers control to 
the target operand (IP + displacement) if the 
condition (SF XOR OF = 0) is greater than or 
equal/not less than the tested value. 


Encoding: 
qiiii101[ disp 


JGE/JNL Operands" Transfers] Bytes| JGE Coding Example 
[ieora[ = | 2 [sce GreateR_equal 
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short-label 


TL _— JUMP ON LESS — TL 


J N G E G ailMPONNOT J N G E 


Operation: = .—_.,_~—- Flags Affected: 
if (SF) 4 (OF) then None _ | 
(IP) — (IP) + disp (sign-extended one a : he " 


to 16-bits) 


Description: 


JL (Jump on Less Than)/JNGE (Jump on Not 
Greater Than or Equal), transfers control to 
the target operand if the condition (SF XOR 
OF = 1) is less than/not greater than or equal 
to the tested value. 


Encoding: 
o111i100[ disp 


JL/JNGE Operands | | Clocks Transters Bytes| JL Coding Example. 


| short-label |. 


1 212eQ 


JLE JUMP:ON LESS { 
OR EQUAL 


JUMP: ON NOT. GREATER - J | 


ode 


Operation: == 3 “Flags Affected: 


if ((SF) #(OF)) or ((ZF)=1)then ==» None ee 
(IP) < (IP) + disp (sign-extended | Fiera! 
to 16-bits) 


D esc ri pt io n. een UA ae oe i 


JLE (Jump on Less Than or Equal to)/JNG 
(Jump on Not Greater Than) transfers control 
to the target operand (IP + displacement) if 
the conditions tested (SF XOR OF) or ZF = 1) 
are less than or equal to/not greater than the 
tested value. 


Encoding: 
01111110] disp 7 


| JLEZING Operands ‘| °* Glocks Tra By 


| short-label 


Operation: 


if Inter-Segment then (CS) < SEG 


(IP) — DEST 


Description: at BP gs 


JMP target 


JMP unconditionally transfers control to the 
target location. Unlike a CALL instruction, 
JMP does not save any information on the 
stack; no return to the instruction following 
the JMP is expected. Like CALL, the address 
of the target operand may be obtained from 
the instruction itself (direct JMP), or from 


memory or a register referenced by the instruc- ss 


tion (indirect JMP). 


instruction pointer by adding the relative 
displacement of the target from the JMP 
instruction. If the assembler can determine 
that the target is within 127 bytes of the JMP, 
it automatically generates a two-byte instruc- 
tion form called aSHORT JMP; otherwise, it 
generates a NEAR JMP that can address a 
target within +32k. Intrasegment direct JMPS 


are self-relative and appropriate in position- 


eye y 


JUMP. UNCONDITIONAL 


LY 


Flags Affected: 


None 


relocatable) 
routines in- which: the JMP and-its. ae ‘are 
moved together in the same ségment.. 


independent (dynamically. 


An intrasegment- indirect, JMP may be made 
either ‘through ° memory’ ‘or’ a’ 16-bit general 


register. In the first case, the. word..content 
-yéferenced. by the!.instruction -réplaces the 


instruction pointer. In the second case, the 


-.;, new IP value-is taken from the register named 
An intrasegment direct JMP changes -the-- 


in the instruction. 


An ateise tent direai IMP ecaiaees IP and 
CS with values contained 1 in pe instruction. 


An intersegment indirect. IMP may be made 
only through memory: The first word of the 
doubleword pointer referenced by the instruc- 
tion replaces IP and the second word replaces 


CS. 
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JMP JUMP UNCONDITIONALLY JMP 


Encoding: 


Intra-Segment Direct: 


11101001 disp-high 


DEST = (IP) + disp 


Intra-Segment Direct Short: 


‘701011 | disp 


DEST = (IP) + disp sign extended to 16-bits 


Intra-Segment Indirect: 


| 14499411 Lu Cy 


DEST =(EA) 


Inter-Segment Direct: | 
11101010 Offset-low - offset-high 
seg-high 


DEST = offset, SEG = Seg 


Inter-Segment Indirect: 


41111111 |mod101r/m] 


DEST = (EA), SEG = (EA + 2) 


JMP Operands JMP Coding Example 


short-label 2 JMP SHORT | 
near-label JMP WITHIN. SEGMENT 
far-label JMP FAR__LABEL 
memptr16 JMP [BX]. TARGET 
regptr16 JMP CX 


memptr32 JMP OTHER.SEG [SI] 
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JNC  JUMPONNOTCARRY JNC 


Operation: = °° °‘°'* Flags Affected: 


if (CF) =0 THEN None 
(IP) — (IP) + disp. (sign- euencee 
to16-bits) | 


Description: 


JNC (Jump on Not Carry) transfers control to 
the target operand (IP + displacement) on the 
condition CF = 0. 


Encoding: 
oiT1001T | disp 


JNC:Operands | Clock: Transfers | _ JNC Coding Example 


JNE  JUMPONNOTEQUAL JNE 
JNZ  JUMPONNOTZERO JNZ 


Operation: Flags Affected: 
if (ZF) =O then None 
(IP) <— (IP) + disp (sign-extended 
to 16-bits) 
Description: 


JNE (Jump on Not Equal to)/ JNZ (Jump on 
Not Zero) transfers control to the target 
operand (IP + displacement) if the condition 
tested (ZF = 0) is true. 


Encoding: 


o1110701] disp 


_| JNE/JNZ Operands JNE Coding Example 
short-label cen ae JNE NOT__EQUAL 
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JNO | -JUMPONNOT ~—ss JN 
JNO i tle JNO 


Operation: . ~~... Flags Affected: 
if (OF) =0 then None 
(IP) <— (IP) + disp (sign- -extended xtc 25 
to 16-bits) 
Description: 


JNO (Jump on Not Overflow) transfers con- 
trol to the target operand (IP + displacement) 
if the condition tested (OF = 0) is true. 


Encoding: 


01110001| disp 


Clocks . | -Transfers| Bytes JNO Coding Example 


[wore [= [2 [sono ovenri.ow 
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_ - JNO Operands. 


short-label 


JNS _JUMPONNOTSIGN JN¢ 


Operation: ° = *°'* Flags Affected: 


if (SF) =0 then None 


(IP) — (IP) + disp (sign-extended 
to 16-bits) 


Description: 


JNS (Jump on Not Sign) transfers control to 
the target operand (IP + displacement) when 
the tested condition (SF = 0) is true. 


Encoding: 
o1111001[ disp 


JNS Operands “| .® Clocks | Transfers| Bytes| JNS Coding Example | 


_ | short-label 
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JNP  JUMPONNOTPARITY JNP 
JPQ JUMPONPARITYODD JpO 


Operation: Flags Affected: - 


if (PF) =0 then | None 
(IP) — (IP) + disp (sign-extended 
to 16-bits) 
Description: 


JNP (Jump on Not Parity)/JPO (Jump on 
Parity Odd) transfers control to the target 
operand if the condition tested (PF = 0) is true. 


Encoding: 


oTtt01t | disp 


_JNP/JPO Operands Bytes} JPO Coding Example | 
short-label = | ors] — | 2_ JPOODD_PARITY = | 
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JO » JUMP ON OVERFLOW aT 


Operation: - = ‘Flags Affected: 


if (OF) =1 then None 
(IP) <— (IP) + disp (sign- adic 
to16-bits) ... : 


Description: 


JO (Jump on Overflow) transfers control to 
the target operand (IP + displacement) if the 
tested condition (OF = 1) is true. 


Encoding: 
o1110000| disp 


JO. Operands — Clocks: Transfers| Bytes| JO. Coding Example a 


short-label 20 JO SIGNED__ OVERFLOW. | 


JP JUMP ON PARITY JP 
JPE “UMP.ONEARITYEQUAL | JPE 


if (PF) = 1 then sions 


(IP) — (IP) + disp (sign-extended 
to 16-bits) 


Description: 


JP (Jump on Parity)/JPE (Jump on Parity 
Equal) transfers control to the target operand 
(IP + displacement) if the condition tested (PF 
= 1) is true. 


Encoding: 
01711010| disp 


| JP/JPE:Operands °| ‘Clocks: |: Transters| Bytes JPE Coding Example | 


short-label, 
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is -JUMPONSIGN JS 


Operation: = Flags Affected: 
if (SF) =1 then None 


(IP) — (IP) + disp (sign-extended 
to 16-bits) 


Description: 


JS (Jump on Sign) transfers control to the 
target operand (IP + displacement) if the 
tested condition (SF = 1) is true. 


Encoding: 


01771000] disp 
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“JHE _LOAD-REGISTER AH - 
LAO EROM FLAGS -LAHF 


Operation: =-—-—s\«s_c......_— Flags Affected: 
(AH) < (SF):(ZF):X:(AF):X:(PF):X:(CF) None 
Description: 


LAHF (load register AH from flags) copies 
SF, ZF, AF, PF and CF (the 8080/8085 flags) 
into bits 7, 6, 4,.2 and 0, respectively,- of 
register AH. The content of bits 5, 3 and I is 
undefined; the flags themsélves are not 
affected. LAHF is provided primarily for con- 
verting 8080/8085 assembly language Pro" 
grams to run on an 8086 or 8088. 


Encoding: 


1001117111 


| “LAHF Operands 


1Bytes|LAHF Coding Example : 


|. Clocks - 


(no operands) —— 


LDS LOADPOINTERUSINGDS LDS 


Operation: 


(REG) < (EA) 
(DS) < (EA + 2) 


Description: 


LDS destination,source 


LDS (load pointer using DS) transfers a 32-bit 
pointer variable from the source operand, 
which must be a memory operand, to the des- 
tination operand and register DS. The offset 
word of the pointer is transferred to the des- 
tination operand, which may be any 16-bit 
general register. The segment word of the 


Encoding: 


17000101 


if mod = 11 then undefined operation 


LDS Coding Example | 
| regi6, mem32 24+EA nr 24 
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Clocks 


LDS aati 


Flags Affected: 


None - 


pointer is transferred to register DS. Specify- 
ing SI as the destination operand is a conve- 
nient way to prepare to process a source string 
that is not in the current data segment (string 
instructions assume that the source string is 
located in the current data segment and that SI 
contains the offset of the string). 


LDS SI,DATA.SEG [DI] | 


LEA 


Operation: 
(REG) << EA 


Description: 


LEA destination,source 

LEA (load effective address) transfers the off- 
set of the ‘source operand (rather than its 
value) to the destination operand: The source 
Operand must be a memory operand, and the 
destination operand’ must be a 16-bit general 


Encoding: 


10001101 


if mod = 11 then undefined operation: 


Tee, = [ae 
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LEA Operands © 


regi6, mem16 


~ LOAD EFFECTIVE. — 
ADDRESS 


Flags Affected: 


the XLAT instruction). | 


LEA 


None 


register. LEA does not affect any flags. The 
XLAT and String instructions assume that cer- 


tain régisters point to operands; LEA can be 
used to load these registers (e.g., loading BX 


with the address of the translate table used by 


aye 


LEA BX,[BP] [DI]. 


EA Coding Example 


Operation: 


(REG) < (EA) 
(ES) < (EA + 2) 


Description: 


LES destination, source 


LES (load pointer using, ES) transfers a 32-bit 
‘pointer. variable from. the source operand, 
which must bea memory operand, to the des- 
tination operand and. register ES. The offset 
word of the pointer is transferred to the des- 
tination operand, which may be any 16-bit 
general register. The segment word of the 


Encoding: 


17000700 


if mod = 11 then undefined operation... «= «3:3. 


LES O perands cae 


regi6, mem32 - 


.ES LOAD POINTER USING ES 


: Clocks ; : Transfers Bytes 


Flags Affected: 


None 


pointer is transferred to register-ES. Specifying 
DI as the destination operand is a convenient 
way to. prepare. to.process a destination string 
that is not in the current extra segment. (The 
destination string must.be located i in the extra 
segment, and DI must contain the offset of the 
string.) 


LES Codi ng: Example 
ILES DI [BX]. TEXT BUFF 
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LOCK LOCKTHEBUS LOCK 


Operation: = — ——— Flags Affected: 

None None. 
Description: 
LOCK is a one-byte prefix that causes the 8088 — 
(configured in maximum mode) to assert its eta ue al rr pero melee locked) 
bus LOCK signal while the following instruc- reer. ALAL eat flags baved on AL 
tion executes. LOCK does not affect any flags. , JNZ = Check _retry if lock already set 
The instruction most useful in this context is MOV ‘Sema,0 .clear the lock when done 


an exchange register with memory. A simple 
software lock may be implemented with the The LOCK prefix may be combined with the 
following code sequence: segment override and/or REP prefixes. 


Encoding: 


LOCK Operands a [ln ee | LOCK von —— 


(no operands) 
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LODS _LOAD STRING 


° “« o8ey 
. vr 
se S 
Wee : 
ee pe es a 
are 3 
aes ; * ¥ 
a : ; 
fee “ 
id x : . 


(BYTE OR WORD) 
Flags Affected: 


Operation: 


(DEST) < (SRC) 
if (DF) =0 then (Sl) < (SI) + DELTA 
else (SI) « (SI)- DELTA 


Description: 


LODS source-string 


LODS (Load String) transfers the byte or word 
string element addressed by SI to register AL 
or AX, and updates SI to point to the next ele- 
ment in the string. This instruction is not ordi- 
narily repeated since the accumulator would be 


Encoding: 


1010110w 


None 


overwritten by each repetition, oad nal the 
last element would be retained. However, 
LODS is very useful in. software loops as part 


of a more complex string function. built up 
from string primitives and other instructions. 


if w= 0 then SRC = (SI), DEST = AL, DELTA = 1 
else SRC = (SI) +1:(S!I), DEST = AX, DELTA = 2 


LODS Operands Bytes] LODS Coaing Example 


source-string 12(16) _. |. 
(repeat) source-string 9413117) /r6p . 


1  |LODS CUSTOMER_.NAME 
4, |REPLODSNAME . - 


*b(w): where b. denotes. the number of clock cycles for byte operands and : 
=: w denotes the number of clock cycles for word operands. | 
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“Pan 
Pa + ee 
Maes | & q re 
: as ‘ ace 


Operation: : 2a "Flags Affected: | 


ree ene 2s Gay ane ee Se Pane Fs Sago beighet ASSN Miewr vel) Pied -- 
‘ A - 2 
ane ue a5 ie 
es 4 r . i 
. re ron + A eed 
Nd 4 + 
+ Sar acl ‘ » The 
‘ « ee 
y 
< 


(CX) < (CX) - 1 pa “None 
if (CX) #0 then 
(IP) — (IP) + — ele -extended 
to 16-bits) 


Description: 


LOOP short-labe! 


LOOP decrements CX by 1 and transfers con- 
trol to the target operand if CX is not 0; 
otherwise the instruction following LOOP is 
executed. 


Encoding: 
ti700010T disp 


. LOOP Operands » Clocks | Transfers} Bytes} LOOP. ‘Coding Example 


| “short-label 


‘OOP LOOP WHILE YOPE 
OOPE LOOPWHILE LOOPE 


Operation: Flags Affected: 


(CX) < (CX) - 1 None 
if (ZF) = 1 and (CX) #0 then 
(IP) — (IP) + disp (sign-extended 

to 16-bits) 


Description: 


LOOPE/LOOPZ short-label 


LOOPE and LOOPZ (Loop While Equal and 
Loop While Zero) are different mnemonics for 
the same instruction (similar to the REPE and 
REPZ repeat prefixes). CX is decremented by 
1, and control is transferred to the target 
operand if CX is not O and if ZF is set; 
otherwise the instruction following LOOPE/ 
LOOPZ is executed. 


Encoding: 


11100001 | disp 
LOOPE/LOOPZ Operands] C LOOPE Coding Example| 


short-label 


OOPNZ LOOP WHILE LOOPN 


| OOPNE LOOP WHILE LOOPNE 


NOT EQUAL 


Operation: Flags Affected: 


(CX) < (CX) -1 None 
if (ZF) = 0 and (CX) #0 then 
(IP) — (IP) + disp (sign-extended 
to 16-bits) 


Description: 


LOOPNE/LOOPNZ short-labe! 


LOOPNE and LOOPNZ (Loop While Not 
Equal and Loop While Not Zero) are also 
synonyms for the same instruction. CX is 
decremented by 1, and control is transferred to 
the target operand if CX is not 0 and if ZF is 
clear; otherwise the next sequential instruction 
is executed. 


Encoding: a 


1i700000[ disp 


LOOPNE/LOOPNZ Operands LOOPNE Coding Example 


LOOPNEAGAIN 
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MOV MOVE(BYTEORWORD) MOV 
Flags Affected; 


Operation: 
(DEST) < (SRC) None 


Description: 


MOV destination, source 


MOVE transfers a byte or a word from the 
source operand to the destination operand. 


Encoding: 
Memory or Register Operand to/from Register Operand: 


100010dw | mod reg r/m_ 


ifd=1 then SRC =EA, DEST = REG 
else SRC = REG, DEST =EA 


Immediate Operand to Memory or Register Operand: 
1100011w |mod000r/m data if w=1 
SRC = data, DEST = EA 


Immediate Operand to Register: - 


(fottwreg [data] dataifw=1 | 
SRC=data,DEST=REG en 
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MOV MOVE(BYTEORWORD) MOV 


Encoding: 


Memory Operand to Accumulator: 


1010000w addr-high 


if w=0 then SRC = addr, DEST = AL 
else SRC = addr+1:addr, DEST = AX 


Accumulator to Memory Operand: 


1010001w addr-high 


ifw=0 then SRC = AL, DEST = addr 
else SRC = AX, DEST = addr+1:addr 


Memory or Register Operand to Segment Register: 


if reg #01 thenSRC=EA, DEST=REG 
else undefined operation = 


segment Register to Memory or egister Operand: | 


10001100 ImodOregr/m 


SRC = REG,DEST = EA 


MOV Operands MOV Coding Example 


memory, accumulator 
accumulator, memory 
register, register 
register, memory 
memory, register 


MOV ARRAY [SI], AL 
MOV AX, TEMP__RESULT 
MOV AX,CX 

MOV BP, STACK__TOP 
MOV COUNT [DI],,.CX 


8(12)+EA} 91°. 7 
9(13)+EA 


register, immediate 4 MOV CL, 2 

memory, immediate . | 10(14)+ EA MOV MASK [BX] [SI], 2CH 
seg-reg,regl6 ft 2 fee MOVES,CX : —; 
seg-reg, mem16 8(12)+EA MOV DS, SEGMENT__BASE 
reg16, seg-reg ~ re MOV BP, SS: -* 7 
memory, seg-reg _—— |: 9(13) + EA MOV [BX],SEG__SAVE, CS 


*b(w): where b denotes the number.of clock cycles for byte operands and 
w denotes the number of clock cyclesforword operands. 
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MOVS  MOVESTRING | 


Operation: Flags Affected: 
(DEST) < (SRC) oe None 
Description: 


MOVS destination-string, source-string 


MOVS (Move String) transfers a byte or a 
word from the source string (addressed by SI) 
to the destination string (addressed by DI) and 
updates SI and DI to point to the next string 
element. When used in conjunction with: REP, - 
MOVS performs a memory-to-memory block 
transfer. 


‘Encoding: 


if w=0 then SRC =(SI), DEST=AL, DELTA=1— 
else SRC= (SI) + 1: (SI), 1 DEST = ‘AX, DELTA=2 °~ 


MOVS encruies ae = Sos ee 


-dest-string, source-string- lw 18(26) MOVS LINE__EDIT__DATA . . 
_ (repeat) dest-string, source-string 9+ 17(25)/ rep REP MOVS SCREEN, BUFFER 


*b(w): where b sence the runner of clock. cyoles for byte operands | aud w denotes: the 
number of clock cycles for word operands. We dere a irae % 
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MUL 


Operation: 


(DES) < (LSRC) * (RSRC), where * 
is unsigned multiply 

if els = 0 then (CF) -0 

else (CF) <1; 

(OF) < (CF) 


Description: 


MUL source 


MUL (Multiply) performs an unsigned multi- 
plication of the source operand and the accum- 

ulator. If the source is a byte, then it is 
multiplied by register AL, and the double- 

length result is returned i in AH and AL. If the 
source operand i is a word, ‘then it is multiplied 
by register AX, and the double-length result is 
returned in registers DX and AX. The oper- 


Encoding: 


11110114 w |mod100r/m 


if w= 0 then LSRC = AL, RSRC = EA, DEST = AX, EXT = AH 
else LSRC = AX, RSRC = EA, DEST = DX:AX, EXT = DX. 


mre pecan’: MUL Coding Example 


118- 113 
(76-83) + EA 
| (128-143) + EA 


MULTIPLY 


MUL 


Flags Affected: 


CF, OF. o ean 
AF, PF, SF, ZF undefined 


ands are treated as unsigned binary numbers 


(see AAM). If the upper half.of the result (AH 
for byte source, DX for word source) is non- 
zero, CF and OF are set; otherwise they are 
cleared. When CF and OF are set, they indi- 
cate that AH or DX contains significant digits 
of the result. The content of AF, PF, SF and 
ZF is undefined following execution of MUL. 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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- 8 
- a a 
‘as + ‘ 
. a ' $i 
. “ “+. , f 
. : ei : 
oot cy + 
f a 


Operation: 
(EA) < SRC - (EA) 
(EA) < (EA) + 1 (affecting flags) 


Description: 


NEG destination 


NEG (Negate) subtracts: the destination 
operand, which may be a byte or a word, from 
0 and returns the result to the destination. This 
forms the two’s complement of the number, 
effectively reversing the sign of an integer. If 
Hie operand is zero, its sign is not changed. 


Encoding: 


1111011w moe yom), 


if w = 0 then SRC = FFH- 
else SRC = FFFFH 


: Clocks* | Transfers | Bytes | 


NEG Operands | 


register © 


Oe 
memory | | -16(24) + EA 


; om ae va . a TT) b, 
. Li iY , 
2 2 - y me 
om is . s ano 
i : i {. o Gp sd 


Flags Affected: 


AF,CF,OF,PF,SF,ZF 


Attempting to negate’a byte containing 128 
or a word containing —32,768 causes ‘no 
change to the operand and sets OF. NEG 
updates AF, CF, OF, PF, SF arid ZF. CE ‘1S 
always set except when the operand. is zero, in 
which case it Is cleared. 


Reman 


NEG Coding Example _ 


NEG AL eee 
-NEG MULTIPLIER ! 


*b(w): where. b denotes the number of glock cycles. for byte operands and 


w denotes the number of clock cycles for word operands. 


Bas ty Sey, 
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“NOOPERATION NOP 


si ; wa A 
: ; it oe 
: . 5 
M a “4 
. -. had a 
} ’ page 
o : nw” 
ot . t. 
. es y Pe 
7 Yee +! ole: 
a, ane, 


Operation: ..s°.-::..:; Flags Affected: 


None eee None 


Description: 


NOP 


NOP (No Operation) causes the CPU to do 
nothing. NOP does not affect any flags. 


Encoding: 


10010000; — > 


| Transfers | Bytes | ‘NOP Coding Example | 


. o . 

wera . - 
on . 
Noe woe 


| NOP Operands | Clocks” 


| (no-operands):. . eS 
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NOT ‘LOGICAL NOT NOT 


Operation: | Flags Affected: 
(EA) < SRC - (EA) None 

Description: 

NOT destination 


NOT inverts the bits (forms the one’s comple- 
ment) of the byte or word operand. 


Encoding: 


1111011w }|mod010r/m 


if w=0 then SRC = FFH 
else SRC = FFFFH 


NOT Operands NOT Coding Example 


register . NOT AX 
memory. | 16( 04) )+ EA] 


NOT CHARACTER 
*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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OR 


Operation: 


(DEST) < 
(CF) <0 
(OF) — 0 


(LSRC) OR (RSRC) 


Description: 


OR destination, source 


OR performs the logical “‘inclusive,or’’ of the. . 


two operands (byte or word) ‘and’ returns the “32°~@ 8. 000 te 


result to the destination operand. A bit in the 
result is set if either or both corresponding bits. 
in the original operands are set; otherwise the 
result bit is cleared. 


2-119 


LYALL ALAND 
2h @ ; .8-a igs. . 
A j ; “ wy Ms, a a ys" -@ 


R 


Flags Affected: 


CF, OF, PF, SF, ZF. 
AF undefined 


OR LOGICALOR «=§=©OR 


Encoding: 


Memory or Register Operand with Register Operand: 


000010dw | mod reg r/m 


ifd = 1 then LSRC = REG, RSRC = EA, DEST = REG 
else LSRC = EA, RSRC = REG, DEST=EA 


Immediate Operand to Memory. or r Register Operand: 


1000000w |mod001r/m 


LSRC = EA, RSRC = data, DEST = EA 


data 


data if wat , 


Immediate Operand to Accumulator: 


0000110w data if w=1 


if w=0 then LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 


OR Operands OR Coding Example 


register, register ORAL, BL 
register, memory 0112) + EA OR DX, PORT__ID [DI] 


memory, register 16(24)+EA OR FLAG_BYTE, CL 
accumulator, immediate 4 OR AL, 01101100B 

register, immediate 4 OR CX,01H 

memory, immediate 17(25)+EA OR [BX].CMD__WORD,0CFH 


*b(w): where b denotes the number of clock cycles for byte operands and w 
denotes the number of clock cycles for word operands. 
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Operation: .. .._—»..:.___- Flags Affected: 

(DEST) < (SRC) Bas None 
Description: 
OUT port,accumulator 
OUT transfers a byte or a word from the AL 255, or with a number previously placed in 
register or the AX register, respectively, to an register DX, allowing variable access (by 
output port. The port number may be speci- changing the value in DX) to ports numbered 
fied either with an immediate byte constant, from 0 through 65,535. 7 oe, 


allowing access to ports numbered 0 through 


Encoding: 
Fixed Port: 


ifw =0 then SRC= AL, DEST = port 
else SRC = AX, DEST = port+1:port 


Variable Port: 


1110111w 


if w=0 then SRC = AL, DEST = (DX) 
else SRC = AX, DEST = (DX) + 1:(DX) 


OUT Operands OUT Coding Example 


immed8, accumulator | 10(14) 1 2 OUT 44, AX 
DX, accumulator 8(12) 1 1 OUT DX, AL 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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P POP POP 


Operation: ..-°.- »:. _ Flags Affected: 
(DEST) —((SP)+1:(SP)) 2 oo: None 
(SP) — (SP) +2 

Description: 

POP destination 


POP transfers the word at the current top of 
stack (pointed to by SP) to the destination 
operand, and then increments SP by two to 
point to the new top of stack. POP can be used 
to move temporary variables from the stack to 
registers or memory. 
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Encoding: 
Memory or Register Operand: 
DEST = EA | De 
‘Register Operand: 


01011reg. 


DEST = REG 


Segment Register: 


000regi11 


if reg #01 then DEST = REG 
else undefined eer auan 


POP Operands POP Coding Example 


register POP DX 
seg-reg. panel | 


12 7 | POP DS. 
Ne NO er -  2...| 24 | POP PARAMETER |: 


*b(w): wee b denotes the number of clock cycles for byte operands and 
| w denotes the number of clock cycles for word operands. 
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POPF 


Operation: 


Flags < ((SP)+1:(SP)) 
(SP) — (SP) + 2 


Description: 


POPF 


POPF transfers specific bits from the word at 
the current top of stack (pointed to by register 
SP) into the 8086/8088 flags, replacing 
whatever values the flags previously contained 
(see figure 2-32). SP is then incremented by 
two to point to the new top of stack. PUSHF 


Encoding: 


(no operands) | 


POP FLAGS 


Flags Affected: 


All 


and POPF allow a procedure to save and 
restore a calling program’s flags. They. also 
allow a program to change the setting of TF 
(there is no instruction for.updating this flag 
directly). Thé ‘‘charige ‘is “accomplished by 
pushing the flags, altering bit.8 of the memory- 
image and then popping the flags. ae 3 


-POPF Coaing Example 
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'USH 


PUSH PUSH 


Operation: Flags Affected: 
(SP) < (SP) -2 None 
((SP)+1:(SP)) < (SRC) 

Description: 


PUSH source 


PUSH decrements SP (the stack pointer) by 

two and then tranfers a word from the source 

operand to the top of stack now pointed to by 

SP. PUSH often is used to place parameters 

on the stack before calling a procedure; more 

generally, it is the basic means of storing tem- | 

porary data on the stack. cae 
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PUSH PUSH =—s PUSH 


Encoding: 


Memory or Register Operand: 


11111111 }mod110r/m 


ORC =EA 


Register Operand: 


01010reg 


SRC = REG 


Segment Register: 


000reg110 


SRC = REG 


PUSH Operands PUSH Coding Example 


register 15 1 1 PUSH SI 
seg-reg (CS legal) 14 1 1 PUSHES 
memory 24+EA 2 2-4 |PUSH RETURN_CODE [S]] 
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PUSHF 


Operation: 2°!) <>.) - Flags Affected: ©.) ">= 


ve ants 1 “oS G > - se: VT te . Ce CRAs : wr 
* oo e ee ! ee i > of : + . 
a = = . o bs : ya By 
"es iad “< eo . 4 woof - x 2 ~ 7 * 
" & oe ise geese ale t oe F 
i oi -O-8 : a. aS & Ree Sok 
yes ee xr oh : ys , see : 2 ; 
Page Oe ky dant . a Pty! a Fy rete a 
is fae. 2 ee a ne ES 
i i hai “ Aa ee ‘ y: eat " 
is at . $ . > a ‘ Ss v - a 
. 2 i . a os . “A 8 . . 
we at : - rt . . 


(SP) < (SP) -2 oer None 
((SP)+1:(SP)) < Flags 


Description: 


PUSHF 
PUSHF decrements SP (the stack pointer) by 
two and then transfers all flags to the word at 


the top of stack pointed to by SP. The flags Fy, sen Fae ae : 
themselves are not affected. fillet sabe dae iacue Ss _ dy Sibel tie 


Encoding: 


10011101 


PUSHF Operands PUSHF Coding Example 
PUSHF 
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(no operands) 


_Cl - ROTATETHROUGH © re 
RCL CARRY LEFT - 


Operation: . © Flags Affected: 
(temp) — COUNT | CF, OF 
do while (temp) # 0 
(tmpcf) <— (CF) 


(CF) < high-order bit of (EA) 
(EA) < (EA) * 2 + (tmpcf) 
(temp) < (temp) - 1 

if COUNT =1 then 
if high-order bit of (EA) # (CF) 


else (OF) undefined 


Description: 


RCL destination,count 


RCL (Rotate through Carry Left) rotates the 
bits in the byte or word destination operand to 
the left by the number of bits specified in the 
count operand. The carry flag (CF) is treated 
as ‘‘part of’’ the destination operand; that is, 
its value is rotated into the low-order bit of the 
destination, and itself is replaced by the high- 
order bit of the destination. 


2-128 


CARRY LEFT. RCL 


Encoding: 


110100vw |mod010r/m bh dee 


ifv=0 then COUNT =1 
else COUNT =(CL) 


RCL Operands}. Clocks*:..||T 


‘register 1, le 
register, CL. oo" 8+ 4/bit 
_memory;:1 an 4503) LEA 
memory, Ck © - 20(28) + EA + 4/bit 


*b(w): where. b-denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. — 
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ICR = ROTATE THROUGH’ 
RCR CARRY RIGHT 


Operation: Flags Affected: 


(temp) — COUNT CF, OF 
do while (temp) #0 
(tmpcf) < (CF) 
(CF) < low-order bit of (EA) 
(EA) < (EA) / 2 
high-order bit of (EA) < (tmpcf) 
(temp) < (temp) - 1 
if COUNT =1 then 
if high-order bit of (EA) # next- 
to-high-order bit of (EA) 
then (OF) < 1 
else (OF) — 0 
else (OF) undefined 


Description: 


RCR destination,count 


RCR (Rotate through Carry Right) operates 
exactly like RCL except that the bits are 
rotated right instead of left. 


Encoding: 


110100vw |mod0111r/m 


ifv=0 then COUNT = 1 
else COUNT = (CL) 


RCR Operands | ... Clocks’ | «Transfers Bytes/RCR Coding Example. | 


register, 1 he oo Oa 3 : RCR BX, 1 
‘register, CL . “os 84+ 4/bdit- | , 2 JRCRBL, CL.’ al 
memory, 1° +}. -15(23)+-EA | | "9-4. |RCR [BX]. STATUS; 4 : 
memory, CL | |20(28)+EA+4/bit| 2 | 24 RCR ARRAY [DI], CL | 


*b(w): where’b denotes the number of clock cycles for byte.operands and 
w denotes the number of:clock:cycles for word operands. ° -- 
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REP —sREPEAT:~=SOS*«&REP 
REPE/REPZ REPE/REPZ 


REPEAT WHILE EQUAL/ 

REPEAT WHILE ZERO 
REPNE/REPNZ REPNE/REPNZ 
REPEAT WHILE NOT EQUAL/ 
REPEAT WHILE NOT ZERO 
Operation: Flags Affected: | 

do while (CX) #0 None 


service pending interrupt (if 
-, any) execute primitive string 
..» ,operationin succeeding aed 
(CX). (CX) -1 
if primitive operation. is CMPB, 
—.. + CMP B, or SCAW and _ 
a (ZF) #z then exit from _ 
while _— 7 
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REPEAT. 


REPE/R 


REPEAT WHILE EQUAL/ 


REPNE/REPNZ REPNE/RE 
REPEAT WHILE NOT EQUAL/ 


i maken Soomgter ee ie Z 
a y 4 * 
a , 
e 1 
of an 
a *t 
. J? By al 


REPEAT WHILE NOT ZERO 


Description: | 


REP/REPE/REPZ/REPN E/REPNZ 


Repeat, Repeat While Equal, Repeat While 
Zero, Repeat While Not Equal and Repeat 
While Not Zero are mnemonics for two forms 
of the prefix byte that controls subsequent 
String instruction repetition. The different 
mnemonics are provided to improve program 
clarity. The repeat prefixes do not affect the 
flags. 


REP is used in conjunction with the MOVS 
(Move String) and STOS (Store String) 
instructions and is interpreted as ‘‘repeat while 
not end-of-string’’? (CX not 0). REPE and 
REPZ operate identically and are physically 
the same prefix byte as REP. These instruc- 
tions are used with the CMPS (Compare 
String) and SCAS (Scan String) instructions 
and require ZF (posted by these instructions) 
to be set before initiating the next repetition. 
REPNE and REPNZ are mnemonics for the 
same prefix byte. These instructions function 
the same as REPE and REPZ except that the 
zero flag must be cleared or the repetition is 
terminated. ZF does not need to be initial- 
ized before executing the repeated string 
instruction. 


Repeated string ‘sequences. are interraptable; 
thé processor’ will recognize: the interrupt 
before Deco ue the next suing element. 
any way. Upon return’ from the interrupt. the 
repeated operation is resumed from. the point 
of interruption. However, execution does not 
resume properly if a second or third prefix 
(i.e., segment override or LOCK) has been 
specified in addition to any of the repeat 
prefixes. At interrupt time, the processor 
‘‘remembers’’ only the prefix that immediately 
precedes the string instruction. After returning 
from the interrupt, processing resumes, but 
any additional prefixes specified are not in 
effect. If more than one prefix must be used 
with a string instruction, interrupts may be 
disabled for the duration of the repeated exe- 
cution. However, this will not prevent a non- 
maskable interrupt from being recognized. 
Also, the time that the system is unable to 
respond to interrupts may be unacceptable if 
long strings are being processed. 
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REP REPEAT == REP 


Encoding: 


1111001z 


REP Operands REP Coding Example 
(no operands) P 2] -— fa REP MOVSDEST,SRCE 
REPE/REPZ Operands (Clocks Bytes ; REPE Coding Example 


Clocks| Transfers 
‘ooperanas) | 2 | — | 1 |REPECMPSOATAKEY 
REPNE/REPNZ Operands | Clocks | Transfers | Bytes 
fwospwanaey | @ | = | 1 [REPNESCASNPUT_UNE 
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RET 


Operation: 


(IP) — ((SP)=1:(SP)) 

(SP) — (SP) + 2 

if Inter-Segment then 
(CS) <— ((SP)+1:(SP)) 
(SP) <— (SP) + 2 

if Add Immediate to Stack Pointer 
then (SP) < (SP) + data 


Description: 


RET optional-pop-value 


RET (Return transfers control from a pro- 
cedure back to the instruction following the 
CALL that activated the procedure. The 
assembler generates an intrasegment RET if 
the programmer has defined the procedure 
NEAR, or an intersegment RET if the pro- 
cedure has been defined as FAR. RET pops 
the word at the top of the stack (pointed to by 
register SP) into the instruction pointer and 


RETURN 


RET 


Flags Affected: 


None 


increments SP by two. If RET is intersegment, 
the word at the new top of stack is popped into 
the CS register, and SP is again incremented 
by two. If an optional pop value has been 
specified, RET adds that value to SP. This 
feature may be used to discard parameters 
pushed onto the stack before the execution of 
the CALL instruction. 
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Encoding: 


Intra-Segment: 


11000011 EE a 


Intra-Segment and Add Immediate to Stack Pointer: 


11000010 data-high 


Inter-Segment: 


11001011 ot or 


Inter-Segment and Add Immediate to Stack Pointer:... . 


11001010 _data-high 
RET Operands. - a | 1 RET Coaing Example 


| ‘(intra-Segment, no pop) 


(intra-segment, pop) «: 
|~ (inter-segment; no pop) 
(intéFsegment, Pop) 
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ROL ROTATE LEFT ROL 


Operation: Flags Affected: 
(temp) — COUNT CF, OF 
do while (temp) #0 


O 
A < high-order bit of (EA) 
(EA) < (EA) * 2 + (CF) 
(temp) < (temp) - 1 
if COUNT =1 then 

if high-order bit of (EA) # (CF) 

then (OF) < 1 

else (OF) — 0 

else (OF) undefined 


Description: 


ROL destination, count 


ROL (Rotate Left) rotates the destination byte 
or word left by the number of bits specified in 
the count operand. 


Encoding: 
110100vw jmod000r/m 


if v=0 then COUNT =1 
elseCOUNT=(CL) - 


ROL eperanes ROL Coding Example 


_ register, 1- | fee TROL BX, 1. 


register, CL , B4dlbit. % |. 2. |ROLODI, CL. 
memory, 1 —. .15(23)+ EA | - | ROL FLAG__ BYTE (DN, 1 
memory,CL  — 20(28) + EA + 4/bit | |ROLALPHA;CL .— 


*b(w): where b denotes the number of clock:.cycles for. byte operands and 
w denotes the number of clock cycles for. word operands. 
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ROR _——ROTATERIGHT. ~=—s ROR 


Operation: §==—~—.-_—«*Flags Affected: 
(temp)<COUNT = = CF, OF 
do while (temp) #0 


(CF) — low-order bit of (EA) 
(EA) < (EA) / 2 
high-order bit of (EA) < (CF) 
(temp) < (temp) -1 
if COUNT =1 then 
if high-order bit of (EA) # next- 
to-high-order bit of (EA) 
then (OF) <1 
else (OF) < 0 
else (OF) undefined 


Description: 


ROR destination,count 


ROR (Rotate Right) operates similar to ROL 
except that the bits in the destination byte or 
word are rotated right instead of left. 


Encoding: 
110100vw |mod001r/m 


if v=0 then COUNT = 1 
else COUNT =(CL) 


ROR Operand | Clocks* —_| Transfers | Bytes ROR Coding Example 


register, 1 2 ROR AL, 1 

register, CL 8+4/bit ROR BX, CL 

memory, 1 15(23)+EA ROR PORT_STATUS, 1 
memory, CL: -|. 20(28)+EA+4/bit ROR CMD__WORD, CL 


*biw): where b denotes the number of clock cycles for byte operands and 
-- . w denotes the number.of clock cycles for word operands. : . 
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CAME STOREREGISTERAH CAHE 
AHF eles SAHF 


Operation: ©.) ot. cs: Flags Affected: 


(SF):(ZF):X:(AF):X:(PF):X:(CF) < (AH) AF, CF,PF,SF, ZF: -: 


Description: 


SAHF 


SAHF (store register AH into flags) transfers 
bits 7, 6, 4, 2 and 0 from register AH into SF, 
ZF, AF, PF and CF, respectively, replacing 
whatever values these flags previously had. 
OF, DF, IF and TF are not affected. This 
instruction is provided for 8080/8085 
compatibility. 


Encoding: | 
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_ SAHF Operands » | SAHF Coding Example 


. 
an 
4 ! e 


(nooperands) | 4. | 


SAL _ SHIFT ARITHMETIC LEFT 


S H L SHIFT LOGICAL LEFT 


Operation: Flags Affected: 
(temp) — COUNT CF, OF, PF, SF, ZF. 
do while (temp) # 0 AF undefined 

oe < high-order bit of (EA) 
(EA) < (EA) * 2 


(temp) < (temp) -1 
if COUNT =1 then 
if high-order bit of (EA) 4 (CE) 
then (OF) <1 
else (OF) <0 
else (OF) undefined 


Description: 


SHL/SAL destination,count 


SHL and SAL (Shift Logical Left and Shift 
Arithmetic Left) perform the same operation 
and are physically the same instruction. The 
destination byte or word is shifted left by the 
number of bits specified in the count operand. 
Zeros are shifted in on the right. If the sign bit 
retains its original value, then OF is cleared. 
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SAL 
SHL 


SHIFT ARITHMETIC LEFT SAL 
SALLEFT)=6s GSH LL. 


SAL 


Encoding: 
110100vw |modi100r/m 


if v=0 then COUNT =1 
else COUNT = (CL) 


SAL/SHL Operands SAL/SHLCoding Example 


register, 1 SAL AH, 1 


register, CL 8+ 4/bit SHL DI, CL 
memory, 1 15(23) + EA SHL [BX]. OVERDRAW, 1 
memory, CL 20(28) + EA + 4/bit SAL STORE_COUNT, CL 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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Operation: 


(temp) — COUNT 
do while (temp) #0 
(CF) < low-order bit of (EA) 
(EA) < (EA) / 2, where / is 
equivalent to signed division, 
rounding down 
(temp) < (temp) - 
if COUNT =1 then 
if high-order bit of (EA) # next- 
to-high-order bit of (EA) 
then (OF) <1 
else (OF) — 0 
else (OF) - 0 


Description: 


SAR destination,count 


SAR (Shift Arithmetic Right) shifts the bits in 
the destination operand (byte or word) to the 
right by the number of bits specified in the 
count operand. Bits equal to the original high- 
order (sign) bit are shifted in on the left, 
preserving the sign of the original value. Note 
that SAR does not produce the same result as 
the dividend of an ‘‘equivalent’’ IDIV instruc- 


Poa | 


SHIFT. ARITHMETIC 
RIGHT 


Flags Affected: 


CF, OF, PF, SF, ZF. 
AF undefined 


tion if the destination operand is negative and 
1-bits are shifted out. For example, shifting —5 
right by one bit yields —3, while integer divi- 
sion —5 by 2 yields —2. The difference in the 
instructions is that IDIV truncates all numbers 
toward zero, while SAR truncates positive 
numbers toward zero and negative numbers 
toward negative infinity. | 


2-141 


SAR ~~ SHIFTARITHMETIC SAR 


RIGHT 


Encoding: 


110100vw |mod114r/m 


ifv=0 then COUNT =1 
else COUNT = (CL) 


SAR Operands SAR Coding Example 


register, 1 


register, CL 2 |SARDI, CL 


memory, 1 15(23) ++ EA 2 2-4 |SARN._BLOCKS, 1 


memory, CL 20(28) + EA + 4/bit 2-4 |SARN__BLOCKS, CL 


*“b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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Sis , BB 


Operation: 
if (CF) = 1 then (DEST) = (LSRC) - 
(RSRC) -1 
else (DEST) < (LSRC) - (RSRC) 
Description: 


SBB destination, source 


SBB (Subtract with Borrow) subtracts the _- 
source from‘ the destination, subtracts one if 
_ previous operation, SBB may be used to write 
_ routines that subtract numbers longer than 16 
~ bits. - 


CF is set, and returns the result to the destina- 


tion operand. Both operands may .be bytes or 
Both operands: may be--signed or - 


words. 


SU BTRAC T WITH 
BORROW 


Flags Affected: 


AF, CF, OF, PF, SF, ZF 


unsigned binary numbers (see AAS and DAS). 
- SBB updates AF, CF, OF, PF, SF, and ZF. 


Since ‘it incorporates a ‘borrow from a 
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SBR SUBTRACT WITH SRE 
SBB BORROW BB 
Encoding: 


Memory or Register Operand and Register Operand: 


000110dw {mod reg r/m | 


ifd =1 then LSRC = REG, RSRC = EA, DEST = REG 
| else LSRC: = EA, RSRC = REG, DEST =EA 


: immediate Operand from Memory or Register salen 


ms] T00000sw mod01?trim|- 


LSRC = EA, RSRC = data, DEST = EA 


‘[aata if s:w=01 a 


Immediate Operand from Accumulator: 


0001110w data if w=1 


if w=0 then LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 


SBB Operands SBB Coding Example 


register, register 3 SBB BX, CX 

register, memory 9(13)+EA SBB DI, [BX]. PAYMENT 

memory, register 16(24) 

accumulator, immediate 4 
4 
) 


+EA SBB BALANCE, AX 


register, immediate 
memory, immediate 17(25)+EA 6 |SBB COUNT [Sl], 10 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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AS WORD) STRING SCAS 


Operation: © *'.... » Flags Affected: 


if (DF) = 0 then (Dl) < (DI) +’DELTA 


(LSRC)-RSRC) AF, CF, OF, PF, SF, ZF 
else (DI) < (DI) - DELTA ee nak 


Description: 


SCAS destination-string 


SCAS (Scan String) subtracts the destination SCAS is prefixed with REPE or: REPZ, the 
string element (byte or word) addressed by DI Operation is interpreted as ‘‘scan while not 
from the content of AL (byte string) or AX end-of-string (CX not 0) and string-element = 
(word string) and updates the flags, but does scan-value (ZF = 1).’’ This-form-may be used 
not alter the destination string or the accum- to scan for departure from a given value. If 
ulator. SCAS also updates DI to point to the © SCAS.is prefixed with REPNE or REPNZ, the 
next string element and AF, CF, OF, PF, SF operation is. interpreted as ‘‘scan while not 
and ZF to reflect the relationship of the scan __..end-of-string-(CX not 0) and string-element .is 
value in AL/AX to the string element. If not equal to scan-value (ZF = 0).’’ This form 
may. be. used to locate a value in a string. 


Encoding: 


1010111w 


if w =0 then LSRC = AL, RSRC = (DI), DELTA = 1 
else LSRC = AX, RSRC = (Dl) +1:(Dl), DELTA = 2 


SCAS Operands Transfers 


dest-string 15(19) 1 
(repeat) dest-string | 9+15(19)/rep 1/rep 


SCAS Coding Example 


SCAS INPUT__LINE 


REPNE SCAS BUFFER, 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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(temp) — COUNT.“ 2 or A 
do while (temp) # 0 
CF) < low-order bit of (EA 
(EA) < (EA) / 2, where / is 
equivalent to unsigned 
division 
(temp) < (temp) - 1 
if COUNT =1 then 
if high-order bit of (EA) # next- 
to-high-order bit of (EA) 
then (OF) <1 
else (OF) <0 
else (OF) undefined 


Descripten:., 


wt 


“SHR destination, source’ 3 ae oe sre 


SHR: (shift Logical Right) shifts the bits in the 
destination: ‘operand (byte or word) to the right 
‘by! the ‘riumber of -bits: specified. in’ the’count 
“Opérand. Zeros are shifted in‘on the'left.-If the 
sign bit retains its original: value, ther’ OF is 
cleared. 
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Flags Affected: -rette ov) 


CF, OF, PF, SF, rs Sate Pee ce 
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SHR  SHIFTLOGICALRIGHT SHR 


Encoding: 
110100Vvw |mod101r/m 
ifv=0 then COUNT =1 
else COUNT = (CL) 


SHR Operands Bytes| SHR Coding Example 


register, 1 SHRSI,1 
register, CL haiti SHR SI, CL 
memory,1. |  15(23)+EA 2 . | 24 |SHRID_BYTE [SI] [BX], 1. 


memory, CL . | 20(28)+EA+4/bit; 2. | 2-4 4 SHR INPUT__ WORD, CL 


*b(w): where b denotes the number of clock cycles for byte operands and 
_.W denotes the number of clock cycles for word operands. 
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Operation: Flags Affected: 
(CF) <1 CF 


Description: 


STC 


STC (Set Carry flag) sets CF to | and affects 
no other flags. 


-Encoding: _ 


STC Operands - 


“Clocks: | 


Transfers | 


| §TC’Coding Example 


BAe Sodas Wy Aer ake en 
eee | ae sad eee 


- (no operands) | 
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Operation: - Oe cee get ae “ a 
(DF) <1 


Description: 


STD 
STD (Set Direction flag) sets DF to 1 causing 
the string instructions to auto-decrement the 


SI and/or DI index registers. STD does not 
affect any other flags. 


Encoding: 


11111101 


Timing: 2 clocks 


‘STD Operands 


| (nooperands) |... 2 
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Flags Affected: 


DF 


See le 


| STD 


|-STD Coding Example 


ST| ._—sOSETINTERRUPT- — STI 
si ENABLE FLAG STI 


Operation: #83 # # #&~ + __ Flags Affected: 
(IF) <1 IF 
Description: 


STI (Set Interrupt-enable flag) sets IF to 1, 
enabling processor recognition of maskable 
interrupt requests appearing on the INTR line. 
Note however, that a pending interrupt will 
not actually be recognized until the instruction 
following STI has executed. STI does not 
affect any other flags. 


Encoding: 


11111011 


“STI Operands | Clocks STI Coding Example 
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(DEST) + (SRC) "SN None wie oie 


DI) + DELTA 


if (DF) =0 then (Dl) < (DI 
-DELTA 


else (DI) < (DI) 


Description: 


STOS destination-string 


STOS (Store String) transfers a byte or word GP (tat eye eles 


from register AL or AX to the string element 


addressed by DI and updates DI to point tothe a) vac iy ease 
next location in the string. As a repeated NA ee SOE eae 


operation, STOS provides a convenient way 
to initialize a string to a constant value (e.g., to 
blank out a print line). 


Encoding: 


1010101w 


if w= 0 then SRC = AL, DEST = (D1), DELTA = 1 
else SRC = AX, DEST = (Dl) +1:(DI), DELTA = 2 


1 
1 


dest-string 11(15) | 
(repeat) dest-string | 9+10(14)/rep 1/rep 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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Operation: ...——:. *_~—«~*Filags Affected: 
(DEST) <(LSRC)-(RSRC) AF, CF, OF, PF, SF, ZF. . 


Description: 


SUB destination, source oe ys See 


The source operand is subtracted from the 
destination operand, and the result replaces 
the destination operand. The operands may be 
bytes or words. Both operands may be signed 
or unsigned binary numbers (see AAS and ie eae a Saath id, Ee 
DAS). SUB updates AF, CF, OF, PF, SF and oe . BS ee ea eee RONG eae 


vem eepe 
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‘suBTRACT. SUB 


Encoding: 
Memory or Register Operand and Register Operand: 


001010dw | mod reg r/m_ 


ifd =1 then LSRC = REG, RSRC = EA, DEST = REG 
else LSRC = EA, RSRC = REG, DEST =EA 


Immediate Operand from Memory or bia od Operand: 


CELT Lo 


LSRC = EA, RSRC = data, DEST = EA 


Immediate Operand from Accumulator: 


0010110w data if w=1 


if w=0 then LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 


SUB Operands SUB Coding Example 


register, register 3 SUB CX, BX 
register, memory 9(13) + EA SUB DX, MATH__TOTAL [SI] 


memory, register 16(24)+EA 

accumulator, immediate 

register, immediate 0 

memory, immediate SUB [BP]. BALANCE, 1000 


“b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 


2-153 


Flags Affected: 


Operation: 
(LSRC) & (RSRC) 


(CF) <0 
(OF) <- 0 


Description: 


TEST destination, source 


TEST performs, the.logical ‘‘and’’ of the two 


operands (byte or word), updates the flags, but — 


does not return the result, 1.e., neither operand 
is changed. If a TEST instruction is followed 
by a JNZ (jump if not zero) instruction, the 
jump will be taken if there are any correspond- 
ing 1-bits in both operands. 
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CF, OF, PF, SF, ZF. 
AF undefined 


. ate . 
ec 
Cala) ” 
F ry 
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‘TEST 


Encoding: 
Memory or Register Operand with Register Operand: | 
LSRC = REG, RSRC =EA 


Immediate Operand with Memory or Register Operand: 


1111011w|mod000r/m| _data_—s'|{_dataif w=1 


LSRC = EA, RSRC = data 


Immediate Operand with Accumulator: 


1010100w data if w=1 


ifw =0 then LSRC = AL, RSRC = data 
else LSRC = AX, RSRC = data 


TEST Operands TEST Coding Example. 


register, register TEST Sl, Dl 

| register, memory ee | TEST SI, END_ COUNT | 

-| accumulator, immediate | | a ae {TEST AL, 00100000B 
‘register, immediate | : 3 TEST BX, 0CC4H . 

| memory, immediate {TEST RETURN__CODE, 01H 
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WAIT = WAIT. WAIT 


Operation: Flags Affected: 


None None 


Description: 
WAIT causes the CPU to enter the wait state 
while its TEST line is not active. WAIT does 
not affect any flags. 


Encoding: 


WAIT Coding Example 
WAIT 2 


Goats [Tension | 


Operation: Flags Affected: 
(temp) « (DEST) None 
(DEST) < (SRC) 
(SRC) < (temp) 

Description: 


XCHG destination, source 


XCHG (exchange) switches the contents of the 
source and destination (byte or word) 
operands. When used in conjunction with the 
LOCK prefix, XCHG can test and set a sema- 
phore that controls access to a resource shared 
by multiple processors (see section 2.5). 
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Encoding: 
Memory or Register Operand with Register Operand: 


1000011w 
SRC = EA, DEST = REG 
Register Operand with Accumulator: 


10010reg 


SRC = REG, DEST = AX 


accumulator, reg16 
memory, register 
register, register 


XCHG Coding Example 


XCHG AX, BX 
XCHG SEMAPHORE, AX 
XCHG AL, BL 


3 
17(25) + EA 
4 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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O pe ration : Crs : sf LEH Pia 2, es eg 
: “af 


AL + ((BX) + (AL) OF Fe 


Description: 


XLAT translate-table 


XLAT (translate) replaces a byte in the AL 
register with a byte from a 256-byte, user- 
coded translation table. Register BX is 
assumed to point to the beginning of the table. 
The byte in AL is used as an index into the 
table and is replaced by the byte at the offset in 
the table corresponding to AL’s binary value. 


Encoding: 


11010111 


source-table 


XLAT Operands XLAT Coding Example 


Flags Affected: 


None: 


The first ‘byté ‘in the: table has an offset of 0. 
For exainple; if AL'contains 5H, and the’ sixth 
element-of the‘ translation table contains 33H, 
then’ AL’ will contain 33H — following the 
instruction. ’'XLAT‘‘is ‘useful ‘for: translating 
characters’ ‘from one code to another, the 
classic example being ASCII to EBCDIC or 
the reverse. 


TAB 
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XOR  EXCLUSIVEOR  XOR 


Operation: ©... Flags Affected: 
(DEST) < (LSRC) XOR (RSRC) CF, OF, PF, SF, ZF. 
(CF) <0 AF undefined 
(OF) <0 

Description: 


XOR destination, source 


XOR (Exclusive Or) performs the logical 
‘‘exclusive or’’ of the two .operands and 
returns the result to the destination operand. A 
bit in the result is set if the corresponding bits 
of the original operands contain. opposite 
values (one is set, the other is cleared); other- 
wise the result bit is cleared. — , 
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XOR EXCLUSIVE OR XOR 


Encoding: 
Memory or Register Operand with Register Operand: 


001100dw | mod reg r/m | 


ifd =1 then LSRC = REG, RSRC = EA, DEST = REG 
else LSRC = EA, RSRC = REG, DEST =EA 


Immediate Operand to Memory or Register Operand: 


1000000w {mod110r/m data if w= 


LSRC = EA, RSRC = data, DEST =EA 


Immediate Operand to Accumulator: 


0011010w data if w=1 


if w =0 then LSRC = AL, RSRC = data, DEST = AL 
else LSRC = AX, RSRC = data, DEST = AX 


XOR Operands XOR Coding Example 


register, register 3 XOR CX, BX 
register, memory 9(13) + EA XOR CL, MASK__BYTE 


memory, register 16(24)+ EA XOR ALPHA [SI], DX 
4 


accumulator, immediate XOR AL, 01000010B 
register, immediate 4 XOR SI, 00C2H 
memory, immediate 17(25)+ EA XOR RETURN__CODE, 0D2H 


*b(w): where b denotes the number of clock cycles for byte operands and 
w denotes the number of clock cycles for word operands. 
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iIAPX 88 Hardware 
Design 


CHAPTER 3 
HARDWARE DESIGN | 


INTRODUCTION ew 

This chapter discusses the hardware jeu of 
iAPX 88 systems. First, the pins and signals 
of the 8088.CPU are functionally. described 
for simple, but powerful.iAPX 88 systems. 
The timings of 8088 signals are explained, 
and how they cleanly interface the 8088 CPU 
with the rest of the system. 

Other parts of the 1APX 88 system are dis- 
cussed including, the clock generator,. reset 
and wait state circuits. 3 
Interrupt handling follows, leading into a 
description of maximum mode: iAPX 88 
systems. . a 

8088 CPU Pin Functions — 

The functions of the 8088 CPU pins, are 
categorized by these groups ig. 3-1): 

I) Address 

2) Data _ 

3) Control and Status 

4) Timing ~~ 

5) Power/Ground 


38 [_] a1e/S3_ 
37[ | A17/S4 


36 | | A18/S5 
35{ | A19/S6 


22{[ ]READY... 
21] | RESET 


Figure 3-1. 8088 CPU Pins _ 


The number of pins in each group varies. The 
only pin in the Timing group: is‘the clock, 
while others, such as the Address and Data 
groups, use many pins and are e multiplexed 
with other functions. | 


The 8088 pins and their functions a are re briefly 
described here. For more information, con- 
sult the iAPX 88/10 data sheet (see pg. 37 of 
Appendix) and the iAPX 86, 88 Family 
User’ s Manual. | 


ADDRESS AND DATA very 

The, 8088 CPU. uses 20 pins to directly 
address up to one million bytes of memory. 
Some address pins are multiplexed to also 
function as data or status pins. Thus, the 
8088 provides all necessary aeons 0 a 
40-pin package. . ee 


The aadeees pins are ee below i in fies 
three groups: : 


1) ADo-AD7. Drives the lower eight addi 
bits and also the iAPX 88's 8-bit data. bus. 

2) Ag-Aj5. Address bits 8-15.. : 
3)..A,6-Aj9. Drives the upper 4-bits. of thie: 
iAPX 88’s 20 bit address bus; also generates 
status signals. 


AD,-AD;7 
Pins ADo through AD7 are time-multiplexed 


in the iAPX .88 ‘system to serve as both 


address and data lines (Fig. 3-2). At the 


_ beginning of every machine cycle, the lower 8 


address bits are driven on these pins. Later in 


- the machine.cycle, these pins function as the 
- 8-bit data bus. At this time, ADp-AD7 may 
' be inputs or outputs, depending on whether 
~ the 8088 is reading or writing data to or from: 


the system. 


These lines float to 3-state OFF during inter- 


—_!  rupt penguins and local bus “hold acknow- 
. ty: Jedge.” : 


«HARDWARE DESIGN ..__ 


These pins.drive the next 8 address bits on 
the address bus. They are not multiplexed 


with other signals,and are valid during the 


entire machine cycle. 


These lines float to 3-state OFF during inter- 
rupt acknowledge and local bus “hold acknow- 
ledge”, _ a | 
AwAig te, eee 
Aj6 through Ajg have two sets of functions. 
First, at the beginning of each machine cycle, 
these pins drive the upper 4 bits of the iAPX 
88’s 20-bit address bus. These 4 address bits: 
(not provided by other 8-bit microproces- 
sors), together with the other 16-bits of 
address, enable the iAPX 88 to directly 
address 1. megabyte of memory. :This is 16 


’ 
oe 


times more: than 8080, 8085,-Z80; MC6800" 


and MC6809”". | 


The second function of these four pins is to 
provide status information. After the address 
has been latched, pins Ag and -Aj7 change 
their function to, status signals S3 and S4. 
These two. signals can be decoded to deter- 
mine which memory segment is being acces- 
sed .by, the 8088 during the current machine 
cycle (Fig. 3-3). This information could be 


used to enable memory, such that each of the. 


CPU | 


ADO-AD7 
LATE INE 


*Z80 is a registered trademark of Zilog Corporation. 
**MC6800 and MC 6809 are registered trademarks of Motorola Corporation. 


Figure 3-2. Time Multiplexing of Address and Data 
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4 segments could have its own megabyte of 
memory, extending the iAPX 88 memory 
space to.4 megabytes. 


Status line’S5 gives the state of the interrupt 
flag.'S6 is always low. These status signals are 
not necessary. for normal operation of most 
systems, but they can be useful for 
diagnostics. : fee a 

These lines float. to 3-state OFF during inter- 
rupt acknowledge and local bus “hold:acknow- 
ledge“. | 

POWER |. , » 2 | 
The 8088 should have pin 40 connected to 
+5V, and pins | and 20 are ground. Decou- 


Alternate (relative to 
segment) 


1 0 Stack (relative tothe SS segment) 


0 1 Code/None (relative to the cs 
segment or a default of zero) 


1 1 Data (relative to the DS segment) 
$5 = IF (interrupt enable flag) 
S56 = 0 (indicates the 8088 is on the bus) 


Figure 3-3. Decoding of Status.Signals S,-S, 


0 0 the ES 


ESS EARLY AND DATA. 
CLE. , 
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pling capacitors are recommeénded to reditice — 


the noise on the power and ground lines. — 


TIMING. 7 : | 

Pin 19 is ‘the clock input for basic timing of 
the 8088. The maximum clock frequency i 1S 
5 MHz for the 8088, and 8 MHz for the 
8088-2. The clock signal is usually seis 
by the 8284A (see Pe. os ae , 


CONTROL STATUS: : 
These lines specify the type of iaachins cycle 
occurring and control external logic. © 


RD. The Read line‘is an active LOW output, 


which indicates when the CPU is reading data | 


from a memory or I/O device. 


This signal'floats to 3-state OFF during “hold oe 


acknowledge”. 


WR. The Write signal i is an n active LOW out- 
put, which indicates that the CPU is output- 
ting data onto the data bus to write it into. a 
memory or / O device. . 


This signal floats to 3-state OFF during“ “hold 
acknowledge”. 


ALE. Address Latch Enable is an output that 
latches the addresses on the iAPX 88's address 
bus. This signal is usually connected to the 
STB input of an 8282 latch, (Fig. 3-5). 


The falling edge of ALE latches the address 
on the system address bus to hold it through- 
out the entire machine cycle, even though 
some of the 8088's address. pins ‘will change 
their functions during: this time. ALE never 
floats. 

10/M. This output atid whether the cur- 
rent machine cycle will address an I/O ora 
memory device (HIGH = I/O, ‘LOW = 
Memory). This signal is valid during’ the entire 
machine cycle, and floats to 3-state OF FE: dur- 
ing “hold acknowledge”. 


RESET. Providing an orderly way to start or 
restart an iAPX 88 system, reset is an active 
HIGH input to the 8088, ee ie the 
8284A. 


Reset causés the procéssor to immediately 


terminate its present activity and to condition 
the bus as shown in Fig. 3-15. When reset 
returns LOW, the 8088 will begin executing 
from memory location FFFF01¢. 


During reset the processor is initialized to the 
following conditions: | 
1) The Flag register is reset to 0000. This: 
disables interrupts and the single step mode. | 
2) The DS, ES, SS and IP registers are reset 


to 0000. 
3) The CS register is set to FFFF 16. 


Mn/ Mx. This input configures the 8088 in the 
‘minimum mode when HIGH, and in the max- 
imum mode when LOW. This manual focuses 


on minimum mode systems. Refer to pg. 3-24 
fora discussion of maximum mode systems. ' 


The pins and signals described above are suf- 
ficient to completely control a small multi-' 
plexed bus system (Fig. 3-4). Larger systems, 
however, use latches and transceivers for de- 
multiplexing and increasing the drive of the 
busses. Control signals for handling. these. 
latches and for other functions are described 
below as they are used in the iAPX 88 8 larger 
system (Fig. 3-5). =" : 


DT/R. Data Transmit/ Receive is an output, 
controlling the direction in which the data 
bus transceivers (8286s or 8287s) drive the 
data on the data bus. When HIGH, data 1s 
transmitted onto the system data bus from 
the 8088. When LOW, data is received from 
the system bus to be read by the 8088. This 
signal floats to 3-state OFF during a 
acknowledge”. 


DEN. The Data Enable output drives the 
output enable of the 8286/8287 data bus 
transceivers. This prevents bus contention by 
disabling the data bus transceivers while the 


_ 8088 is driving addresses on the address/ data 


pee DAIS Ss San Guitare: 
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8185-2 


Figure 3-4. iAPX 88 Multiplexed Bus System 
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This signal floats to 3-state OFF uy “hold 
acknowledge” (Fig. 3-5). 


INTR. Interrupt Request ‘ is a level-triggéred 
active HIGH input, sampled during the last 
clock cycle of each instruction. It tells the 
8088 to stop. what it is currently doing and 
service an I/O or peripheral device. 


When INTR is detected’ HIGH, the: 8088 
jumps to an interrupt service routine via an 
interrupt vector table in system memory. 
INTR can be internally masked’ through 
software by resetting the interrupt enable bit 
in the Flag. register. INTR is oe 
synchronized. 


INTA. Used as a read strobe during interrupt 
acknowledge cycles, INTA is active LOW 
during T2; T3, and T4 of each interrupt 
acknowledge cycle. INTA is-never floated. 


SSO. This is a status output. When decoded 
with IO/M and DR/R; SSO specifies the 
type of bus activity in progress (Fig.3-6). 


om [orm [SS] 
"(HIGH) Poe ee Interrupt Acknowledge 
Eat cat RR I 


caus 3-6. iAPX x 88 Status Decoding 


INTA | 


- - Figure 3-5. iAPX 88 with Buffered Demultiplexed Busses os 
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HOLD/HLDA. Hold-indicates that another 
master is. requesting :conitrolof, the:local bus. 
To be acknowledged, HOLD :must.be-in-its 
active HIGH state. 


The processor receiving the: “HOLD” request 
‘will issue-HLDA- (HIGH) at the end of.the 
last machine cycle of the current instruction. 
This acknowledges.that the bus:can now be 
used by the requesting’ ‘device: ‘Simultaneous 
‘with the issuance of HLDA,. the processor, 
floats the local bus and control lines. 


After HOLD is detected as LOW, the: proces- 
sor LOWers HLDA,,.and when the processor 
needs to run another cycle, ‘It will again: drive 
the local bus and control lines. ene 


NMI. Non Maskable Interrant is. an. edge- 
triggered input causing a-type 2 interrupt. 


A subroutine is activated via an interrupt vec- 
tor in system memory. NMI is not maskable 
by software. 


A transition from a LOW to HIGH initiates 


the interrupt at the end of the current instruc- 
tion. This input is internally. synchronized. | 


‘READY. The READY signal is used to add 


‘wait states to the 8088 machine cycle so that 
slow I/O or memory devices can be used. 
READY is a synchronized input generated 


by the 8284A in response to the RDY1/ 


RDY2 or AEN1 | AEN2 inputs. 


TEST. This input synchronizes the CPU with 
‘an. external event.. When_used ‘with the “Wait 


for test” instruction, the CPU is kept inan 
idle state until TEST is driven. low Oy an | 


external. event. 


: E: =. 


8088 Bus Timing and Minimum Mode Stats: | 


address:to select the proper memory: or peri- 
pheral device. Then: the 8088 ‘activates the 
read or. write control-line, and. the data is 
either. transferred into the 8088 . from, the 
selected memory or peripheral device. (a. read 
cycle) or out. of the 8088 . to the ‘selected 
memory or peripheral device (a. write cycle). | 


On:termination: of the cycle, the data is 
latched:.by. the 8088. (read),,.or the. selected 
device: (write), .and the ‘control, cae ds 
deactivated. . | 


The: basic anenihe eyele. ei the 8088 consists 
of four: clock periods or::T7-states, eT, T2, T3 
and Ty. (Fig. 3-7) 


During the'first T-state:(T});:the CPU ie 
an.address onthe 20-bit address/data/ status 
bus: :This address. specifies.a tinique location 
in the memory or I/O address spaces of the 
iAPX 88, and is guaranteed to be valid on the 


address bus when the ALE (Address Latch 


Enable) signal makes a HIGH to LOW tran- 


-- sition. By this: time, the IO/M, SSO and 


DUR control ‘and Status signals are also 


| valid. 


- These ‘signals tell. the: extemal logic which 
type of:machine ¢ycle is occurring and in 


which diréction data will flow.. ‘The. signal 


: 10/ M specifies whether the addressed device 
is in the; iAPX 88's: — Spare or memory 


space. 


| The DT/ R (Data: ‘Tratismit Retéive) diene 


The 8088 CPU communicates with external” = 


logic through | the systems bus. This commun- 


ication is ‘accomplished by a ‘machine: cycle; : 


in which data is tranferred between the 8088 
and a memory or peripheral device. sane 
this machine cycle, the 8088 first. generates an - 


will be HIGH if data is: to be transmitted out 


- of the CPU (a write: cycle) or LOW if it is to 
| be read into the CPU (a read cycle). 


. SSO can be decoded with 1O/ M and DT/ R 


2. eee ORS oe 


as. s Interrupt Acknowledge, Halt and Passive. 


During’ state T>, the 8088’s lower 8 address / 


_data. pins (ADo-AD7) float i in pEDeone 


7 - for the data transfer. | 


Next, the DEN and RD or WR control sig- 


e nals: -become valid, ,to enable the data onto 
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the bus for the transfer. This data will be read 
into, or out of, the 8088 through pins ADo- 
AD7, which now function as the data bus. 
Also at this time the ‘upper 4 address lines 
switch from address (A16-A19) to status.(S3- 
S6). The status information available from 
decoding these lines i 1s. ‘Pamenly, for diagnos- 
tics monitoring. 2 eo 


However, S3 and S4 can be désaded: to 


determine which of the four segments is being - 


accessed by that particular machine cycle. 

This information can be used to select one of 

the four memory segments (Code, Data, 

Stack or Extra) being addressed by the iAPX 

88. This technique allows memory partition- 

ing by segment to expand memory address- 
"g up to four megabytes. 


Decoding S3 and S4 can 1 also. provide a 


+ CLK. 


 A19/S8-6 


 -A16/S3. ADDRESS OUT . 


Ais-As r 


AD7-ADo ADDRESS OUT 


degree of memory protection, by preventing 
erroneous writes into overlapping: segments.: 


During T3 the CPU continues to assert write 
data or sample read data on the lower 8 bus 
lines (ADo-AD7) and to provide’ ‘status 
information‘on the upper 4 bus lines (A 16/S3- 
A19/S6). This state allows time for the data 
to:stabilize on the bus‘and be read by the 
8088 or the selected memory or peripheral. - 


At the beginning of T, the RD or WR line 


goes inactive (HIGH) and ‘the data is latched 
into the 8088 or the selected device. The. DEN 
and DT/R signals also go HIGH and the 
memory or ee is deselected from the 
bus. : 

Extending Machine cycle’ 

If the memory or I/O device cannot prauiciey 
data at maximum CPU transfer rate; the 


‘ STATUS OUT: | 


ADDRESS OUT 


LOW = MEMORY, HIGH = 1/0 


'.'- Figure 3-7. iAPX 88 Basic Machine Cycle 
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device: must: tell the CPU that the data 
transfer is not complete.and that the machine 
cycle must be extended. It does this by bring- 
ing the READY input LOW before the 
beginning of T3. This forces the 8088 to insert 
additional clock cycles (Wait States or Tw’s) 
between T3 and T4. : 


Bus activity during ‘Tw is the same as.T3. The 
address and control signals remain on the 
bus, allowing time to complete the data 
transfer. When the selected device. has com- 
pleted the transfer, it brings the READY pin 
HIGH, allowing the CPU to continue from 
the Tw states into Tq. : | 

The CPU will then latch the data on the bus 
during T4, as it would during a -normal 
machine .cycle. The machine. cycle is then 
terminated in T4 when the command lines 
are disabled, and the external device is de- 
selected. Refer to READY, see pg. 3-16, and 
the i1APX 86, 88 User’s Manual. 


‘Idle Cycles 


In: general, if ‘a given instruction is fetched 
into the -8088’s internal instruction . queue, 
several additional instructions may. be fetched 
before the given instruction is removed from 
the queue and: executed. . _ 


If the instruction being executed is a jump or 
other control transfer instruction, any instruc- 
tions remaining in the queue. are discarded 
without execution. : — 7 : 


Bus Interface | 

The bus interface of an iAPX 88 can be struc- 
tured in a number ways. The best configur- 
ation for a particular application depends on 
system size, and the type of memory, and I/O 
devices used.  — 7 
The simplest bus interface for an iAPX 88 
system uses the “multiplexed bus” configura- 
tion. In this system, memory and I/O devices 


are attached directly to the 8088’s multi- 


The 8088 CPU only executes a machine cycle ie 


‘when instructions or operands must be trans- 


ferred between the 8088 and memory or I/O... 


devices. When not executing a machine cycle, 


the bus interface executes idle cycles (T1). 


During these idle cycles,.the CPU continues 


to drive status information from the:previous: 


machine cycle on the upper address lines. 
If the previous machine cycle was a write, the 


plexed Address/Data Bus (Fig. 3-4). This 
configuration is ideal for small systems where 
simplicity and low. component-count are 
important. : 


Each device must use ALE to.internally latch 
the address and separate it from data. There 
are, however, certain limitations to this sys- 


tem. First, only memory and I/O devices 


specifically designed to operate on a mullti- 


plexed bus can be used in this system. Figure 


CPU continues to drive the write data onto 


the multiplexed bus until the start of the next 
machine cycle. If the CPU executes idle 
cycles following a read cycle, the CPU will 


not drive the lower 8 bus lines until the next - | 


machine cycle is required. 


Because the CPU prefetches up to 4 bytes of | 


the instruction stream for the internal instruc- 
tion queue, the relationship of instruction 


fetch and associated operand transfers may ~~ 
addi- 


be skewed in time and separated by 
tional instruction fetches. a a 
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3-8 lists all Intel multiplexed bus components 
which are compatible with the iAPX 88. 


1024 Byte Static Ram 


8155/8156 | 256 Byte Static RAM, I/O and Timer | 


4096 Byte Pseudostatic RAM ts 


iAPX 88 Compatible Multiplexed’. - 


_ Figure 3-8. 
a os Bus Components 
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Secondly, a multiplexed system is necessarily ~ 


small — usually less than 15 components — 
due to the limited drive capability~ of the - 


MOS parts which directly drive the bus. 


Larger iAPX 88 systems will normally use a 
demultiplexed and buffered bus configura- 


“The 8185 is enabled whenever A; is LOW 


and Aj2 is HIGH by connecting CS to Aj}, 


~ CE2 to Aj2,:and CEI to ground. 


Recall that address lines Ag-A15 are held sta- 


' ble throughout the machine cycle and thus 


tion, (Fig. 3-5). In this. configuration, the 


8282 is used to latch the address and hold it 


on the address bus throughout the entire 
machine cycle. The 8286 ‘octal transceiver 


buffers the data bus to provide the higher 


drive capability necessary for large systems. 


Small systems could eliminate this trans- 


ceiver and the latch on address lines Ag-A}5. 


Memory and Peripheral Interface 


can be connected directly to the chip enable 
or chip select lines. © 


Linear chip select is a method that reduces” 


‘system chip complexity and chip count. At 
the same time, linear chip selection reduces 


~ available address space in the system. For 


The 8088 uses address, data and control 7 


information to control and communicate 
with system memory and peripheral compo- 
nents. Some components connect directly to 


instance a 2K memory device, the 8755A, is 


enabled by any address between 8000016 and 


FFFFF 16 (a 512K byte logical address space) 
(Fig. 3-9).. This is usually not a problem 
because most systems using the multiplexed 
bus configuration are small enough that the | 
megabyte address space of the iAPX 88 is far 


~ Jarger.than necessary. 
| DE-MULTIPLEXED BUS SYSTEMS 


the multiplexed Address/Data Bus, while . | 


others have separate address and data pins ~ 


and must connect to a demultiplexed bus. 
Some interfacing methods for both multi- 
plexed and cep busses follow. 


MULTIPLEXED BUS ‘SYSTEMS | | 
The connection of two multiplexed bus com- 


ponents (the 8755A and 8185) is given in 
Figure 3-9. These components receive both _ 
address and data on the same pins. The- 


Most system memories and peripherals re- 


_ quire the address to be stable for the entire 


- machine cycle, therefore requiring address to 


be latched and held on a separate de- 


: multiplexed ‘address. bus. Figure 3-10 shows 
' this system, with address lines Ag-A7 latched 


- _ by an 8282 octal latch, which drives the lower . 


'- 8 bits of the de-multiplexed ‘address bus. 


address is internally latched by the ALE con-- = 
in this system, provided they are connected to 


trol signal. 


The data then flows in (write), or out ead) if 


the device has been enabled using the CS © 


(chip select) and CE (chip enable) inputs. 


Note that the RD, WR, IO/ M and ALE con- 
trol signals from the 8088 CPU connect 


directly to these chips. 


Linear Chip Select 

Connecting Aj9 to CE2 of the 8755A in Fig. 
3-9 enables this device whenever Ajg is 
HIGH. CEI is grounded so it is,always valid. 


* Note that the data bus is still multiplexed. 


This brings up two things to consider. | 
First, multiplexed bus parts can still be used _ 


the data bus. 


. Second, any devices connected to the data bus 
must guarantee not to drive data onto this 


* Bus before the ALE signal has latched the ad- 


dress into the 8282 and the 8088 has 3-stated 
its lower 8 address drivers in preparation for 
reading the data. If a device were to drive the 
data bus as soon as its address is generated, 


‘bus contention would occur becaise the 8088 


is still driving the address on this bus. This 
could -cause- an incorrect address to be 


__ latched into the 8282 address latch. 
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8284A 
CLOCK 
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Figure 3-9. Multiplexed Bus Connections 
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Conventiently;: most . Intel.’ peripherals, 
EPROMsiand.RAMs.in the iAPX 88 family 
provide output enable or read inputs. which 
prevent this.fromi happening. a 
Observe: how some memory and peripheral 
components are connected in this system 
configuration. A 2716 2K x ‘8 EPROM. and 
two. 2114.RAMs are connected in:an iAPX 
88 system-with a demultiplexed: address bus 
(Fig. .3-10). Address lines Ap-A,g from ‘the 
demultiplexed address. bus are connected to 
the.address inputs Ag-Ao of the 2716. 
The multiplexed data‘bus is connected to the 
data ‘output‘of:thé 2716. The CE ‘(chip' ena= 
ble) input is driven from an address decoder: 
This could. be .either:a decoder: PROM. ora 
TTL decoder.such-as.a 74LS139.:. 
Another ‘possibility’ is to use’a linéar chip 
select, described previously. 


ae eee 


The output eriable (OE) of ‘the 2716 is driven 
by. the. 8088’s RD control line. This enables 
the output data onto the-data bus from the 
2716 withthe proper timing to: prevent.bus 
contention problems. «= © 2: 

The connections for a 2114 RAM are a little 
different” from ‘a'2716 because the 2114 is a | 
1K::x 4: memory, and’ because it can be 


-written-to:as-wellas read:.:Also,’ because’ it 


does not have an output enable, care‘must be 
taken’ to not cause bus contention by driving 
the data’ bus tooearly;' otk 


The address'pins of the 2114 are directly con- 
nected to Ag-A9 on the ‘de-multipléxed 
address bus. The data pins I/O -I/O4' are 
connected to' the multiplexed data bus." 


~A16-A19 


WE. | AQ-A9- ? aus 
‘00-D3_ D4-D7 


ADDRESS 
‘DECODER 


va? 
PSE Ss eS 


“ Figure 3-1 0. Demultiplexed, Bus. Connections. | 
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Because the 2114.is a‘IK-x 4:memory, we 
need two 2114s ‘to .make an‘ 8-bit wide 
memory: The two.2114s are connected to the 
data bus so.that.one.drives data lines Do-D3, 
and the other drives D4-D7. Any read or 
write to the 2114s will enable both chips at 
the same. time to move the 8- bit data byte. 


The chip. select input..cannot be connected 
directly to the output.of the address decoder, 
as was done with the 2716, because the 2114 
has. no .output enable pin. Instead,. CS. is 
delayed by ORing the chip. select with the 
DEN output of. the 8088. This delays .the 
2114s'from outputting the data until after the 
address has been latched by the falling edge 
of ALE. and the 8088 has tri-stated its 
address /data bus. 


LARGE DE-MULTIPLEXED BUS SYSTEMS 
The bus configuration in Figure 3-10 is fine 
for medium-sized. systems, but if:too: many 
components are connected to the. busses, the 
8088's outputs will not be able to drive the 
system. 


Figure 3- 5 howe a avateiit, where 8282 
latches have been added to lines Ag-A 15 and 
A16-Ajg, and. an 8286 octal transceiver has 
been added to the multiplexed data bus. This 
accomplishes two things. : ee 


First, address bits Aj6-Aj9 are actapiexed 
with status. bits S3-S6 and therefore must be 
latched like lines. APE if. mney are to be 
used in addressing. 


Second, the 8286 on the’data bus, and the 
8282s on the address bus, can‘drive much 
higher loads than the 8088 can. With the 8088 


A16-A19 


——his-A15 


INTA 


Figure 3-11. iAPX 88 with Buffered Demultiplexed Busses 
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diive specified to ‘drive 2.0mA and 100pF, a 
system with 5 peripheral components and 10 
memory components would overload the 
bus. 


The 8282 non-inverting and. 8283 inverting 
octal latches plus the 8286 non-inverting and 
8287 inverting octal transceivers can drive 
loads up to 32mA and 300pF. The 8282/ 8283 
are directly controlled by connecting ALE to 
the STB (strobe) input and grounding OE. 
The 8286/ 8287 is controlled by connecting 
the 8088’s DEN and DT/R signals to the 
8286/8287’s: EN. (enable) and T (transmit 
inputs). These signals provide the proper tim- 
ing to guarantee that the address is latched 
properly and that the 8286/8287 drives data 
in. the correct direction for read and write 
cycles. 


Note that adding t these latches and transceiv- 
ers increases the chip’ count and adds 
propagation delays (25ns for the 8283 and 
8287 and 35ns ‘for the 8282 and 8286) that 


subtract from the read or write access time of 


the system’s memory and peripheral devices. 
For complete specifications of the 8283/8282 
and 8286/8287 see the data sheets in. the 
Appendix. a 


Memory Operands 
The iAPX 88 directly operates on 8- or 16-bit 
memory based variables. This means that a 


MOVE 3,AX 
2ND CYCLE 


16-BIT REGISTER 
_ FORMAT 


pate 3-12.: How 16-bit Datai is Arranged | 
_ within 8-bit memory ; 


variable may occupy one or two bytes of 
memory (each byte is 8-bits). Consequently, 
8-bit operands are read or written in one 
machine cycle, while 16-bit ‘operands require 
two bus cycles. 


16-bit operands are stored in memory, with 
the most significant byte (MSB) first and the 
least significant byte (LSB) in the next loca- 
tion. Figure 3-12 shows that when the 16-bit 
operand 6543 was moved from the AX regis- 
ter to memory location 3, the MSB (65) was 
moved into location 3 by the first machine 
cycle, and the LSB (43) was moved to loca- 
tion 4 in the next machine cycle. 


Clock Generation 


The 8088 requires a clock signal with fast rise 
and fall times (10ns maximum) between low 
and high voltages. 


The maximum clock frequency of the 8088 is 


5 MHz, and 8 MHz for the 8088- 2.. The 


recommended method for generating this 
signal is to use Intel’s 8284A clock generator. 


USING 8284A 
Either an external frequency source or a ser- 
ies resonant crystal may be selected to drive 
the 8284A. The selected source must oscillate 
at.3X the desired CPU frequency. _ 

To select the crystal inputs of the 8284A as 
the frequency source for clock generation, the 
F/C input to the 8284A must be strapped to 
ground. The crystal should be connected 


using the configuration shown in Figure 3-13. 
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Figure 3-13. Generating Clock Signal with 8284A 
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If a high-accuracy frequency source, externally- 
variable frequency source, .or.a common 
source for driving multiple. 8284.A’s is desired, 
the External Frequency Input (EFI) of the 
8284A can be selected by strapping the F/ C 
input HIGH through a pull-up resistor (~ 1K 
ohms). The external frequency source should 
be TTL compatible, have a 50% duty cycle, 
and oscillate at 3 times ‘the desired ' CPU 
operating frequency. oe 


The 8284A has several other functions, includ- 
ing RESET and READY generation (see pg. 
3-16). For complete details on iAPX 88 clock 
generation, refer. to the iAPX 88/. 10 and 
8284A data sheets. 


Reset 


The 8088 RESET line provides an orderly 
way to start or restart an iAPX 88 system. 


When the processor detects the positive 
going edge of a pulse on RESET,’ 
terminates all activities until the signal a 
LOW, at which time the internal CPU regis- 
ters are initialized to the reset condition (Fig. 
3-14). 


Upon RESET, the code segment piles aha 
the instruction pointer are initialized to 
FFFF16 and 0 respectively. Therefore, the 
8088 executes its: first ‘instruction following 
system reset: from absolute memory location 
FFFFOH. This location ee contains an 


; CONTENT | 


CPU COMPONENT _ 


: Instruction Pointer 
cs Register _ 

DS Register - 
SS Register 

ES Register . 


> Figure 3-14. CPU ‘State Following Reset - 
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intersegment direct JMP instruction whose 
target iS. the actual beginning of the system | 
program. | 

As external (maskable) interrupts are dis- 
abled by system reset, the system, software 
should re-enable interrupts as soon as the sys- 
tém is initialized, to the point where inter- 
rupts can be processed. | 


The 8088 requires ; an active HIGH reset, with 
minimum pulse, width of 4 clocks, -except 
after power-on which sel a 50. Us reset 
pulse. : : 


Since the CPU. internally syachionies reset 
with the clock, the reset is internally active 
for: up.to one clock period after the external 
reset. 


Non-Maskable nents (NMD « or - hold 
requests occurring during the internal reset 
are not.acknowledged. A hold request active 
immediately after the:internal reset will be 
honored. before the first instruction fetch. 
Upon reset the 8088 will condition system the 
busses in the following manner (Fig. 3-15): 
The address bus will float to. the three-state 
condition: upon: detection of reset by the 
CPU. It ‘floats until the CPU comes out -of 
reset and begins fetching code’ from 
FFFFOy. 

Other signals which three-state will, be driven 
HIGH for one clock low period prior to 
entering three-state (Fig. 3-16). 


ALE and HLDA are driven inactive i 


and: are not three-stated. 


22K ohm pull-up resistors should be con- 


‘nected: to-floatable CPU command and bus 
control lines, to guarantee the inactive state 
‘Of these lines in systems where leakage cur- 
‘rents or bus capacitance may cause the 
‘voltage levels to settle below the minimum 
‘HIGH voltage of devices in the system: | 


. The reset signal to the 8088 iis normally gen- 
erated by the 8284A. The 8284A-has a 


schmitt trigger input (RES) for generating 
reset from a-LOW active external reset. 


HARDWARE DESIGN 


The, hysteresis specified in the 8284A data 
Sheet implies that at least 0.25. volts will 
separate the logic.0:and 1 switching point of 
the 8284A reset input. Inputs without: hys- 
teresis switch from LOW to HIGH and 
HIGH to LOW at approximately the same 
voltage threshold. The inputs are guaranteed 


‘ - SIGNAL. 


ood .. 2 CONDITION © 


ADO-AD7._ 
A8-A15 


DRIVEN HIGH, 
THEN FLOAT 


- Figure 3-15. iAPX 88 Bus Condition During Reset 


RESET INPUT 


INTERNAL 
RESET - 


BUS 


to.switch at specified LOW and HIGH vol- 
tages (Viz and Vy), but the actual switching 
point is anywhere in between. 

Since Vy, min. is specified at 0.8 volts, the 
hysteresis guarantees that the reset will be 
active until the input reaches at least 1.05 
volts. A reset will not be recognized until the 
input drops at least 0.25 volts below the reset. 
inputs VIH of 2.6 volts. 


To guarantee reset from power up, the reset 
input must remain below’'1.05 volts for 50 us 
after Vcc has reached the minimum supply 
voltage of 4.5 volts. The hysteresis allows the 
reset input. to be driven by a simple RC cir- 
cuit (Fig. 3-17). 

The calculated RC value does ‘not include 
time for the power supply to reach 4.5 volts, 
or the charge accumulated during this inter- 
val. Without the hysteresis, the reset output 
might oscillate as the input voltage passes 
through the switching voltage of the input. 
The calculated RC value provides the min- 
imum required reset. period of 50 us for 
8284A’s that switch at the 1.05 volt level, and 


a-reset period of approximately 162 us for 


8284A’s that switch at the 2.6 volt level. 


AAA 


FLOAT BUS 
- DRIVE OUTPUT TO INACTIVE STATE 


| Figure 3-1 6. iAPX 88 Bus ‘During Reset ee 
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If tighter tolerance between the minimum 
and maximum reset times is necessary, the 
reset circuit shown in Figure 3-18 might be 
used rather than the. simple RC circuit. This 
circuit provides a constant current source and 


SYSTEM RESET 


a linear charge rate on the capacitor, rather 
than the inverse exponential charge rate of 
the RC circuit. The maximumi reset period 
for this implementation is 124 us. 


The 8284A synchronizes the reset input with 
the CPU clock to generate the RESET signal 
to the CPU. This output is also available as a 
general reset to the entire system. Reset has 
no effect on any clock circuits in the 8284A. 


READY IMPLEMENTATION AND TIMING 

As discussed previously, the ready signal is 
used in the iAPX 88 system to generate wait 
states to accommodate slow memory and 
I/O devices. Ready is also used in multipro- 
cessor systems to force the CPU to wait for 
access to the system bus. 


The 8284A can be set up for systens using 
synchronous or asynchronous ready signals 
by strapping the ASYNCH input HIGH 
(synchronous) or LOW (asynchronous). To 
use the synchronous configuration, the de- 
signer must analyze the ready timing to 
insure that the setup and: hold requirements 


R; — DETERMINES CURRENT TO CHARGE C 
Ro2— VALUE NOTCRITICAL = 10K 
Vbe(D1 t Do-T1) 


Ic = CHARGE CURRENT = 


IF ALL SEMICONDUCTORS ARE SILICON, Ic = 


.6V 


Figure 3-18. Constant Current on Reset Circuit 
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are always met by the 8284A’s RDY and 
AEN inputs. If this:can not be guaranteed, 
the asynchronous: ‘configuration: must be 
used. 7 


Asynchronous System 7” 

‘To insert a wait: state in the asynchronous 
configuration, the RDY inputs must be valid 
at least 35ns.before the rising edge of the 
clock in state: T>, The: AEN must be “ae 
50ns before that'edge. - 


If RDY or AEN take a ‘transition later 
than these setup times, the 8284A may not 
recognize the change in time to cause the 
READY output to change until after the 
next clock cycle. For a normally not READY 
system, this simply causes an extra wait state 
to be added. In normally READY systems, 
this must be avoided because it results in 
premature termination of the machine cycle. 

Synchronous Systems | 

In synchronous: systems, setup times for the 
8284A’s RDY and AEN inputs are specified 
from the.falling edge-of the clock in state To. 
In this configuration (ASYNCH strapped 
LOW), transitions must not occur during the 
RDY or AEN setup time to insure props 
operation of the 8284A. o 


Depending .on the size and characteristics of 
the system; ready implementation may use 
either the normally READY or the normally 
not READY approach. 


CLK - 
RDY INPUT 


READY 
OUTPUT 


-ONE MACHINE CYCLE 


CDs 


Normally Ready Systems 

In normally REA DY systems, all devices are 
assumed to operate at the maximum CPU 
bus bandwidth. Devices that do not meet this 
requirement must disable READY as noted 
above to guarantee the insertion of wait 
states (Fig. 3-19). This implementation is typ- 
ically used in small single-CPU systems. It 
reduces the logic required .to control the 
READY signal. Since a device requiring wait 
states may fail to disable READY in time to 
be recognized, resulting in premature termi- 


nation of the machine cycle, the system 


timing must be carefully analyzed when using 
this approach. 


‘Normally Not Ready Systems — 


An alternate ready implementation is to have 
the system normally not READY. When the 
selected device receives the command (RD/ 
WR/INTA) and has had sufficient time to 
complete the data transfer, it activates 
READY to the CPU, allowing the CPU to 
terminate the machine cycle (Fig. 3-20). This 
implementation is characteristic of large 
multiprocessor systems, multibus systems, or 
where’ propagation delays, bus access delays 
and device characteristics inherently slow the 
system down. For maximum system perfor- 
mance,. devices that can run with. no wait 
states must return “READY” within the pre- 
viously described time. Failure to respond in 


Tw 


Wl, 


_ Figure 3-19. Normally READY Wait State Timing 
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time will only result in ihe insertion woke one or 
more wait states. , " | 


RDY1 and RDY2 

To generate a stable READY: signal to siiisfy 
the 8088's setup hold times, the 8284A pro- 
vides two ‘separate system ready inputs 
(RDY1 and RDY2) and a single synchron- 
ized ready output (READY) for the CPU. 


The RDY inputs are enabled_with with separate 
active LOW access enables (AEN, AEN2) 
to select one of the two ready signals. The 
system ready inputs to the 8284A (RDY1, 
RDY72) must be valid 35ns (TRI VCL) before 
T3 and AEN must be valid 60ns before T3. 


For a system using only one RDY input, the 
associated AEN is tied to ground while the 
other AEN is connected to 5 volts through 
1K ohms (Fig. 3-21). If the system generates a 
LOW active ready signal, it can be connected 
to one of the 8284A’s AEN inputs, . if f the 
additional setup time required by the AEN 
input is satisfied. In this case, the associated 
RDY input would be tied HIGH (Fig. 3-22). 


Single Wait State Generator : 

Most memory and peripheral devices that fail 
to operate at the maximum CPU frequency 
typically require only one wait state. 


The circuit in Figure 3-23 is an example of a 
simple wait state generator. The system ready 
line is driven low whenever a device requiring 


one wait state is selected: The flip-flop is 
cleared by ALE, enabling RDY to me 
8284A. 


If no wait states are required, the flip-flop 
remains HIGH. If the system ready: is driven 


LOW, the flip-flop toggles on the LOW to 


. ONE 


RDY INPUT 


READY 
OUTPUT 


HIGH clock transition. of T2 to force .one 
wait state. The next LOW to HIGH clock 
transition toggles the flip-flop again to indi- 
cate ready, and allow completion of the 
machine cycle. Further changes in the state of 
the flip-flop will not affect the machine cycle. 
The cycle allows approximately 100ns for 
chip select decode and conditioning | of the 
system ready. . 


Interrupts : 

The iAPX 88 has a simple and vérsiitile inter- 
rupt system. Interrupts: may be triggered by 
devices external to the CPU or by software 
interrupt instructions or, under certain condi- 
tions, by the CPU itself. : 


Every interrupt 1S Assigned a type: code. that 
identifies it‘to the CPU. The type code is used 
by the CPU to point to a location in the 


memory based interrupt vector table contain- 


ing the address of the interrupt routine. 


This interrupt vector table can contain up to 
256 vectors for different cae ss le (Fig. 
3-25). 


MACHINE CYCLE 


Figure 3-20. Normally Not READY Wait State Timing 
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we 
‘ 


Figure'3-21. Using RDY1/RDY2 to:‘Generate READY 


—RDY TO 8284A 


_-Figure 3-23. Single Wait.State Generator: 
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EXTERNAL INTERRUPTS 

The 8088 has two inputs that may be used by 
external devices to signal interrupts, INTR 
and NMI. 


The INTR (Interrupt Request) line is usually 
driven by an Intel® 8259A Programmable 
Interrupt Controller (PIC), which is in turn 
connected to the devices that need interrupt 
service. The 8259A is a very flexible compo- 
nent that is controlled by software com- 
mands from the iAPX 88. The PIC appears 
as a set of I/O ports to the software. 


The 8259A’s main job is to accept interrupt 
requests from the devices attached to it, 
determine which requesting device has high- 
est priority, then activate the 1:APX 88 INTR 
line if the selected device has higher priority 
than the device currently being serviced (if 
any). . 3 


When INTR i 1s active, the CPU takes different 


The INTR signal is not latched by the CPU, 
so it must be held active until a response is 


received or the request is withdrawn. 


If interrupts on INTR are enabled (if IF is 


as Ed 


), the CPU recognizes the interrupt request 


and processes it. Interrupt requests arriving 


on INTR can be enabled by executing an STI 
(set interrupt-enable flag) instruction, and 
disabled by the CLI (clear interrupt-enable 
flag) instruction. They also may be selectively 


masked (some types enabled, some disabled) 


by writing commands to the 8259A. 


Note that to reduce the likelihood of exces- 


sive stack build-up, the STI and IRET 


instructions will reenable interrupts only after 


action depending on the state of the interrupt- — 


enable flag (IF). No action takes place, 
however, until the currently executing instruc- 
tion has been completed. Some unusual cases 
are described under the heading of Interrupt 
Latency Exceptions. Then, if IF is clear — 
meaning that interrupts signaled on INTR 
are masked or disabled — the CPU ignores 


the interrupt request and processes the next 


instruction. 


1ST MACHINE CYCLE 
1 


E 


T3 4 Ta | Ty 


the end of the following instruction. 


The CPU acknowledges the interrupt eaues 
. by executing two consecutive interrupt acknow- 


ledge (INTA) machine cycles (Fig. 3-24): If a 
bus hold request arrives via the HOLD line 
during the INTA cycles, it is not honored 
until the INTA cycles have been completed. 
The first cycle signals the 8259A that the 
request has been honored. 


During the second INTA cycle; the 8259A 
responds by placing a byte on the data bus. 
This byte represents the interrupt type (0-255) 
associated with the device requesting service. 


2ND MACHINE CYCLE 
T2 


VECTOR 
TYPE 


Figure 3-24. Interupt Acknowledge Sequence 
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“AVAILABLE 
- INTERRUPT 
POINTERS | 


 (224y0 


084H 


O80H |: 


07FH 


‘TYPES POINTER: | 


 TYPE4P 
OVE! 


: HARDWARE DESIGN 
TYPE 255 POINTER: . 


(AVAILABLE) . =: ' 


TYPE-33 POINTER: | 


(AVAILABLE) 


_ TYPE 32, POINTER: 


(AVAILABLE) 


TYPE 31 POINTER: 


(RESERVED) 


(RESERVED) 


OINTER: 
ERFLOW 


S Bae |x 16 Bits» 


Figure 3-25. Interrupt Vector Table in Memory 
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The type assignment is made when the 8259A _ 


‘is initialized by software in the iAPX 88. 
The CPU reads this type code, locates the 


‘corresponding interrupt vector in the inter-_ 
rupt vector table, and calls the corresponding, 


interrupt procedure. 


Interrupt Latency Exceptions. 

. There are a few cases in which an interrupt 
request is not recognized until after the fol- 
lowing instruction. Repeat, LOCK, and 
segment override prefixes are considered 


“part of’ the instructi they prefix; no — 
J phinitraan we supplied’ with a type code to call the NMI 


” procedure. _ 


interrupt is recognized between execution of 
-a prefix and an instruction. 


A MOV (move) to segment register instruc-: 
tion and a POP segment register instruction. 


are treated similarly: no interrupt is recog- 
nized until after the following instruction. 


This mechanism protects a program that is 


changing to a new stack by updating SS and 
‘SP. If an interrupt were recognized after SS 
has been changed, but before SP has been 
altered, the processor would push the flags, 
CS, and IP into the wrong area of memory. 


Therefore, whenever a segment register and : 


el, ” INTERNAL. INTERRUPTS 
segment register should be changed first, fol- . . 


another value must be updated together, the 


lowed immediately by the instruction that 
. changes the other value. 


WAIT and repeated string instruction are 2. 
cases where an interrupt request is davies 
in the middle of an instruction. In these cases, - 

. Interrupts are processed after any completed ~ 7 


primitive operation or wait test cycle. 


: External Interrupt 


_An external interrupt ‘request may also es : 
on another CPU input, NMI (non-maskable 


interrupt). This line is edge-triggered (INTR: 
‘is level-triggered) and must be active for at 
least two clock cycles. It is generally used to 
‘signal the CPU of a “catastrophic” event, 


Interrupt requests arriving on NMI cannot 
be disabled. They are latched by the CPU, 
and have higher ee than an interrupt 


" request on INTR. | 


"If an interrupt request arrives on both lines 
during ‘instruction’ é€xecution, NMI will be 
recognized first. Non-maskable interrupts are 
pre-defined as type 2, which means that the 
address of the service routine. will be. found in 
the interrupt vector table at memory location 
8 (Fig. 3-25). Because NMI is predefined as 
type 8, the processor does not need to be 


Interrupt Latency, | 
The time required for the CPU to recognize 
an.external interrupt request depends on how 


-many clock periods remain in the execution 


of the current instruction. The longest latency 

occurs when a multiplication, division, variable- 
bit shift or rotate instruction. As. oe 
when interrupt request arrives. 


As mentioned previously, in a fee cases, 


_ worst-case latency will, Span two instructions 


rather than one. 


An INT instruction generates an interrupt 
"immediately upon completion of its execu- 


- tion. The interrupt type, coded into the 
_ instruction, lets the CPU obtain the interrupt 


routine ae from the. serapeisia vector 


“table. 


Since: any. type code may be one. soft- 
_ Ware interrupts may be used to test interrupt 


es “procedures written to service external 


devices. 


“The CPU itself. generates a type 0 interrupt 
“immediately following execution of a DIV or 


_ IDIV (divide, integer divide) instruction, if 


the calculated quotient is larger than the spec- 
ified destination. : 


such as imminent loss of power, memory 


error, or bus parity error. . . 
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SINGLE-STEP EXECUTION - 
If the trap flag (TF) is set, the CPU automat- 
ically gérierates a type | interrupt following 
every instruction. Single-step. execution is a 
ee debugging tool. 


If the overflow flag (OF) is set, an INTO 
(interrupt on overflow) instruction generates 
a type 4 interrupt immediately upon comple- 
tion of its execution. 


All internal interrupts, INT n, INTO, divide 
error, and Ainge SIEP share these ee 
istics: : es 


1) The interrupt type code is either contained 
in the instruction or is predefined. 

2) No INTA machine cycles are run. 

3) Internal interrupts cannot be disabled, 

except for single-step. | 

4) Any internal interrupt excel single-step) 
has higher priority than any external inter- 
rupt (Fig. 3-26). If interrupt requests arrive 
on NMI and/or INTR during execution of 
an instruction that causes an internal inter- 
rupt (e.g., divide error), the internal interrupt 
is processed first. 


INTERRUPT VECTOR TABLE | 
The interrupt vector table is the link between 
an interrupt type code and the procedure 
designated to- service interrupts associated 
with that code (Fig. 3-25). © 


The interrupt vector table occupies up to the 
first 1K bytes of low memory. There may be 
up to 256 entries in that table, one for each 


| INTERRUPT © PRIORITIES 
| Divide error, INT n, INTO highest 


Figure 3-26. Interrupt Priorities | 


Single-step 
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interrupt type that can occur in the system. 
Each entry in the table is a double word poin- 
ter containing the address of the procedure 
that is to service interrupts of that type. 


The higher-addressed word of the pointer 
contains the base address of the code segment 
containing the procedure. The lower- 
addressed word contains the procedure’s 
offset from the beginning of the segment. 
These two word pointers will be placed in the 
CS and IP registers, respectively, to cause the 
CPU to execute the interrupt service routine. 


Since each entry is four bytes long, the CPU 
can calculate the location of the correspond- 
ing entry for a given interrupt type by simply 
multiplying (type - 4).. 

Unused space at the high end of the interrupt 
vector table may be used for other purposes. 
The dedicated and reserved portions of the 
interrupt pointer table (locations OH— 
7FH), however, should not be used for any 
other purpose, to insure proper operation 
and compatibility with future Intel hardware 
and software products. © 


INTERRUPT ACKNOWLEDGE SEQUENCE 
When a maskable interrupt is acknowledged, 
the CPU executes two interrupt acknowledge 
machine cycles (Fig. 3-24). The CPU will not 
recognize a hold request from another bus 
master until the full interrupt acknowledge 
sequence is completed. 


During the first machine cycle, the CPU 
floats the address /data bus and activates the 
INTA (Interrupt’ Acknowledge) command 
output during states T2 through T4. 


During the second machine cycle, the CPU 
again activates its INTA command output. 
The external interrupt system (e.g., an Intel® 
8259A Programmable. Interrupt Controller) 
responds to this by placing a byte on the data 
bus that identifies the interrupt source, the 
vector type. This byte is read by the CPU, 
multiplied by four, and used as a pointer into 
the interrupt vector table. 
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Before calling the corresponding interrupt 
routine, the CPU saves the machine status by 
pushing the flag’s register onto the stack. 


The CPU then clears the interrupt enable and 
trap bits in the flag’ S register to prevent sub- 
sequent maskable and single-step interrupts. 
The CPU also establishes the interrupt rou- 
tine return linkage by pushing the current CS 
and IP register contents onto the stack, 
before loading the new CS and IP register 
values from the interrupt vector table. 


Bus Control Transfer 7 

In most iAPX 88' designs, the system busses 
are normally controlled by the 8088 CPU. 
This means that address and control signals 
are driven by the 8088, and that data is driven 
by the 8088 or by a. lls being read by the 
8088. 


HOLD AND HLDA ge 

In-some cases, however, another device can 
take control of the system bus and drive it 
while the 8088 is forced. into the inactive 
state, called “HOLD”. os 
This occurs when a device such as. Intel’s 
8237A or 8257 DMA Controller requests 
control of the iAPX 88 system by driving the 
8088’s HOLD input HIGH. The DMA con- 
troller must then wait until the 8088 responds 
by raising the HLDA (Hold Acknowledge) 
output. This signals the DMA controller that 
the 8088 has completed. the machine cycle in 
progress when the HOLD. request occurred 
and floated its busses as listed in Figure 3-27. 


The 8088 remains in the HOLD state until 
the DMA controller releases it by bringing 
the HOLD line LOW. Then the DMA con- 
troller floats the bus and contrdl goes back to 
the 8088 after its HLDA output goes LOW. 

Figure 3-28 gives a general interconnect dia- 
gram for an iAPX 88 system with an 
8237A-5 DMA controller. This is a typical 


configuration in. which the. HOLD/ HLDA 
sequence would be used. 


The handshake timing ee transfer of. bus 
control is shown in Figure 3-29. Note that the 
8237A-5 drives the system only when the 
8088 is in HOLD, and that HLDA and the 
8237A AEN output can be. used to properly. 
enable and disable other components to 
assure a clean transfer of control. 


Maximum Mode Systems 


In addition to the minimum mode systems 
described, the 1APX 88 can also be config- 
ured in the maximum mode. | 


Maximum mode systems are intended prim- 


arily for larger multi-board. and multi- 


processor systems because they provide a 
more sophisticated set of bus control signals. 


SIGNAL 


ee AD0-AD7 — 


CONDITION 


A8-A15 


A16/S3-A19S6 


Figure 3-27. iAPX 88 Bus Condition During HOLD — 
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Figure 3-28. iAPX 88:and'8237A Connections 
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In the minimum mode 8088 CPU, the 
number of control outputs is limited by the 
number of pins available on the 40 pin pack- 
age. The maximum mode iAPX 88 system 
gets around this limitation by using the 8288 


. bus controller to generate several of the sys- 


tem control signals (Fig. 3-30). This frees up 
several 8088 pins to support multiprocessing 
functions not available in minimum mode 
systems. : | | 


"Figure 3-29. HOLD/HLDA Timing 


8284A 
RES 


CLOCK 
GENERATOR 


8288 BUS 


COMMAND BUS 


ADDRESS ». 
. | | eS 3 
ADDRESS/DATA 7 . ‘ ; 


MEMORY 
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Figure 3-30. iAPX 88 Using Maximum Mode 
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Pins with different functions in minimum 
and maximum modes are listed in Fig. 3-31. 
Pins 26, 27 and 28, which were DEN, DT/R 
and IO/M in the minimum mode, are 
replaced by the status lines SO, S1 and S72. 


These three status lines are used by the 8288 
to produce seven bus control functions, ena- 
bling the 8088 to redefine pins 24, 25 and 29. 


Pins 24 and 25 are now used to track the 
status of the 8088’s queue (listed in Fig. 3-32). 
Pin 29 ‘provides a function. called LOCK 


which is used to prevent other processors |... 
from using a shared resource while it is being” 


used by the 8088. ; 


Pins 31 and 30 now implement functions : 
called Request/Grant 0 and Request/ Grant: 


1. These have the sathe function as HOLD/ 
HLDA, but both functions are implemented 
on one bi-directional line. This enables the 


Figure 3-31. Minimum/Maximum Mode. 
Pin Assignments . ©): > 


maximum mode iAPX 88 system to directly 
support three bus masters — the 8088 and 
two more — instead of the two supported in 
the minimum mode. Figure 3-33 shows the 
timing for the Request / Grant function. 


In Figure 3-34, an iAPX 88 system is config- 
ured in the maximum mode. Status lines SO, . 
S1 and S2 from the 8088 are connected to the 
8288, which then produces the system com- 


_mand and control signals and interface to the 


multibus. 
The Request/ Grant lines can interface to the 


‘ 8087 and 8089 co-processors as shown. 
_ The 8284A clock generator is used the same 


way as in minimum mode systems. The 8289 
Bus Arbiter, also. included, coordinates the - 
use of system resources. For a complete dis- 
cussion of maximum mode systems, see_ 
Intel’s iAPX 88, 86 User’s Manual. | 


First byte of opcode from queue 


Empty the queue 
Subsequent byte from queue |. 


' Figure 3-32. Queue Status Decoding 
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Tj 2 0-CLK . 


Cycle 3 : : We. : Ta | 


(seenote3) .(seenote 4) | 


- PULSE PULSE3_ 
| ‘MASTER RO GT. MASTER.GT . 
Master rroquest is ome Py 8088 (see note1) - Master grant is sampled by 8088 


1. THE 8088 FLOATS So, $1, So FROM 1.1.1 STATE 
ON THIS EDGE 


2. THE 8088 FLOATS AxD x BUS,RD,AND LOCK 
ON THIS EDGE 


3. THE OTHER MASTER FLOATS So, S1, Sg FROM 
1.1.1 STATE ON THIS EDGE 


4. THE OTHER MASTER FLOATS AxDy BUS, AND 
LOCK ON THIS EDGE 


ei Figure 3-33. Request/Grant Sequence Timing (Maximum Mode Only): 
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Figure 3-34. iAPX 88/21 Configuration 
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 CHAPTER4 ~~ np aes 
APPLICATION EXAMPLES 


INTRODUCTION 


_. This chapter describes some iAPX 88 system. . 


design examples, ranging from a simple 
* seven-chip system, to a larger system with 
~ multiple: CPU’s and coprocessors. The iAPX.. - 
-... Nomenclature is used for configurations: using 
the 8088 or 8086 with 8089s and 8087s. 7 


meee MULTIPLEXED SYSTEM 


: ee selects. 


The first iAPX 88 design example is a simple ane 


és multiplexed bus system, complete with 8088 


CPU,.8284A clock generator, and — depend- ~ 


_., mg on, the.amount of memory and I/O 
-. desired — .2-5 multiplexed bus components. 


This .system ‘demonstates the power, sim- 
plicity, and eae, possible in iAPX 88 
designs. 3 


‘In_ its “smallest éSinbigutation, this system 7 
. ~ ~ CAUTION: For most systems’ using. linear 


consists of. only. 4. chips: - 


This system uses the SMHz 8088 CPU. Its 
memory and I/O components are.connected 
directly to the 8088's multiplexed address / 
data bus, and. no wait States 2 are aia 


Address Decoding 

‘The memory and I/O: aiittees spaces are 
~ decoded using upper address lines for linear 
Address lines’ Al0-A13 are 
CE (chip enabley iapute of ihe memory and 
I/O components. This eliminates the need for 
special decoding.. PROMs or TTL, re- 
ducing component count and system com- 
plexity. a 

The address decoding table’ (Fis. 4-1) lists 
address line usage for’ memory and I O 


- address decoding. — 


_. chip selects, some. addresses enable more than 
one memory or I/O ‘devige atthe same time. 


~~ For instance, the 8755A-2 in location E3 is 


2K Bytes EPROM, 16 Lines 1) O.. enables any time All.is HIGH. Another 


_- device, the 8185 at E6 is énabled, when Al3i 1s 
LOW and A10 is HIGH. Although the 
8755A-2 is ‘uniquely selected by: address 


locations F800H-FFFFH ‘and the 8185 is 


~~. uniquely selected by 14H-17FFH, both com- 


8088 -- CPU 
-8284A._... Clock.Generator 
8755A-2 — 
8185. 1K Bytes RAM 
The configuration we. will discuss has 7. aie 
8088 CPU — aa 7 a 
-8284A; Clock Generator 
2x 8755A-2 4K Bytes EPROM, 32 1/0; Lines 
2 x 8185 2K Bytes RAM 
8155-2 © 


Timer/ Counter 


256 Bytes RAM, 22 saad Lines, — 


This system is built on'a 95 mm X 105 a 


printed circuit board. It draws 400 — 600 mA 
from a single 5V power supply and. includes 


an RS-232C interface, an LED for Mla 


communication, a RESET switch, and « 


~ JUMPER options. A small monte and. 


two programs — CHESS and TINY BASIC 
— are available* to demonstrate system 
capabilities. 


_. *This-software-is-available- nen “Insite” ine Intel 
Users Library. a ee ee 


ponents. are enabled by memory addresses 
from COOH.to FFFH. Therefore, the pro- 
grammer must NOT use this range of 
_ addresses. 

Vo 

This system provides 54 I/O lines, some 
dedicated to the RS232C interface, the LED 
output, and the 8155’s timer/counter. The 
other I /O lines are available for general 
_- purpose 1/O. The two 8755As provide 32 1/0 
“lines, individually programmable as inputs or 
outputs. Three of these lines, PA7, PBO and 
PB7 of E3, implement the RS232C REC- 
EIVE-DATA and TRANSMIT-DATA fun- 
ctions, and the LED output. 


... The.implementation. .of the RS232C interface 


= “will be explained for a few interesting tricks 


CLK EE? 


CLK RESET. . 
READY 
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i Y1 
RB. Pia 
5102 


xX 


8284A 


RESET READY 


A8-A19 


ADO-AD7 


TIMER CLK. 


Figure 4-0. iAPX 88 Multiplexed System 
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D2,03 = IN 914 
‘R2-R6 = 18002 


CLK 


11 | 
2N2907 TDATA 


(TO RS232 PIN 3) - 


RCV DATA 
T2 ae 


«, 2N2222 
+ 


SIGNAL GROUND (RS$232 PIN 7) 


= - RCVDATA 
(FROM RS232 PIN 2) 


ALE 
RD 
WR 
1O/M 
RESET 
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[|_| essumeusnce | tists 
ence | vant _[awaro[as] ae] [wo] [ho] s790 | menonv vo] V0%e 
meme [@ | x | [==] 
mame[@ | [|x [elo fofo] o [more 

wor [Px Peep [epee 
jewel > fe [fap fel eo 
['* [esveonen | > fe [x[a[o fo[o[ 0 [enarr 
[ese Te x [ete fee [wore 


‘LEGEND: X=NOT USED ; 0=CHIP SELECT ON 0; 1=CHIP SELECT ON 1; D= FULLY DECODED ADDRESS 
'J2 short 


a 


*J2open 
MEMORY eo. ioe * 
FFFF  FEFF. ; 
8755A-2 a NOTUSED | 
(E3) EPROM F804. ss 
F800 -8755A-2 : 
F7FF 
(E38) - 
8755A-2 ee 2 acc 
(E2) EPROM  F7EF : —_ B 
FO0O a NOT USED | 
EFFF [ —., F004 LL <= : 
A NOT USED ma =e F003 
1800 ck ee 8755A-2 
17FF (ED) 
8185-2 - 
(E6) RAM EFF , | Fooo 
1400 A NOTUSED | 
13FF 0006 Sem | 
8185-2 RAM } | 0005 
(E5)&J2 SHORTED 8155-2 7 
me OFFF a | — 
NOT USED A 0000 
0400 | 
O3FF O3FF | . 
aha 8155-2 
OEE (E5)& J2 


OPEN 
RAM 


0000 0000 


Figure 4-1. iAPX 88 Demo Board Address Map 
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that eliminate’ the need for the +12 volt and - ~~ 


12 volt power supplies normally required. 


The +12-volt power supply was eliminated by 


connecting the emitter of Tl to +5V. While 
this produces a signal that is not strictly 
within the RS232C specification, it works 


well: on. ee of less than 10 ‘Multiplexe d System #2: The Vest Pocket 


aaa meters. 


This’ design also employs a useful trick to _ 


: eliminate a -12V power supply. Many people 


. ' have’ attempted to eliminate this supply by .. 
~ . driving ~'the ‘TTRANSMIT-DATA line: bet- - - 
ween. GROUND arid +5V. Because of a 
__° circuit’ switching element (Transistor T2), the . 
~~ low-level signal is always a little higher than © 
ground and hence won’t work: with. many — 
terminals requiring a negative voltage for a 
LOW. This design, however, uses the REC- - 
_EIVE-DATA line (presumably driven by a 


. true RS232C-compatible terminal) as a 
os ‘source of a negative voltage. 


This ‘negative voltage (negative ig aneues 
_ -RECEIVE-DATA is low) charges capacitor 


_ Cl through diode D1. This circuit has been 
- verified to work when receiving any sequence 
of characters, except BREAK. 


BREAK causes a very long “1” on REC- 


_ EIVE-DATA; TRANSMIT-DATA event- 


ually exhausts the negative charge on cap- 


Figure 4-2. Vest Pocket Computer.Component Layout 


acitor C1: If desired, a -12 volt supply may be 
connected to the junction of Cl, D1 and R4. 
This RS232C interface is driven by soft- 
ware to provide the proper timing for 
transmitting and receiving characters. 


- Computer 
Combining tater theen microprocessor 


components results in a usable computer 


small enough to be carried in a vest pocket 


(Fig. 4,2). 


In only 15 square inches (3”x5”), this system 
‘could contain a 2K tiny BASIC operating 


system, 16K memory for user programs, and 
an I/O port. The port is asia to interface 


to. a terminal. 


. The’ system is designed :with an 8088 CPU, 
; 8755A. I/O Port with EPROM and 21821 


RAMs with 4K byte density each. 


The 21821 is a new concept in RAM 


architecture, interfacing directly on the 1APX 


_ 86,:88 or MCS-85 multiplexed bus, respond- 
. ing:directly to controls from the processor. 


Contained within the | 21821 is a com- 


- plete memory muster on a single piece of 


silicon. 
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: J 
F 74LS14 


NOTE: SW21W A QUAD SPST DIP 


Figure 4-3. Vest Pocket Schematic 
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SE lcd Semel betel Decl Yeentll emeetll Pomel Windl Yenatedl emcee lente ciee! bemmed Pemeell Picea Ncenedl Wit Seectell Rect lend 


’ 


NOTE: STRAP REFENTO Vs FOR SELF REFRESH *- 
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1K BYTES RAM 00000-C03FF2114's RAM (MAPPED 0-07FF) 
256 BYTES RAM 03000-030FF8155 RAM/IO (MAPPED 3000-37FF) 
2K BYTES ROM FF800-FFFFF8655A MONITOR (MAPPED 80000-F FFFF) 
1/0 
USART COM/STATUS 03801 1/0 OR MEMORY 
DATA 03800 / (MAPPED 3800-3FFF) 
8155 COM/STATUS 3000 
PORTA 3001 
PORTB 3002 \ 1/0 
PORT C 3003 ( (MAPPED 3000-37FF) 
TIMER LOW 3004 
TIMER HIGH/MODE 3005 
8655 PORTA 2800 
PORTS 2801 1/0 
PORT ADDR 2802 ( (MAPPED 2800-2FFF) 
PORT B DDR 2803 


NOTE: I/O ADDRESSES 0-3FF WILL TALK TO RAM & THEREFORE SHOULD NOT SE USED 


Figure 4-4. iAPX 88 Demultiplexed Bus System 
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Vss,. Véc 17 
RESET ‘TIMER IN rs 23 
TIMER OUT are 


wm 22 
ara £24 
14 
18 


RxRDY 
_ TxEMPTY 


19 


Oo 
~N 


jw] 


on 


RxD 


wo 


-— 


-9Oo00.00 
[=] 1S) 


> PrP > 
“2 © 


AG ; 
AS AS 

A4 2114 A 

A3 ug A a 
A2 1/0, A2 

At : A 

A A 


NC 


—~ 


NC 
3 
7 are 
Teeter 
[ +10% 
NC 
+5V 
us CR2 
u12 
_74L$14 Laaday 
Ra: 


a x 1 {. 
“<2 4.7K 


CR3 
IN 914 


+5V 


‘St 


€3 TRANSMITTED. 
DATA ae 


(2] REC'D DATA . 


> 


DATA SET 


ae | SIGNAL GND 


CLEAR TO 
C5] Sen og 


MONITOR 
SHADOWED 
ERE. 


512K 
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Using a dynamic storage cell, the 21821 
includes all the necessary support logic such 
as refresh control, arbiter, latches, and multi- 
plexers. (Fig. 4-3) 


jAPX 88 DEMULTIPLEXED BUS SYSTEM 
In this application example we will look at an 


iAPX 88 system which uses 2114 RAMs» 
connected to a demultiplexed bus, and an 


8251A to implement a serial interface. 


As seen in Figure 4-4, the 8088 CPU receives - 
its CLOCK, READY and RESET signals 


from the 8284A. 


The control software is in the 8755A 


EPROM. This software contains the “boot-. 


up” routine which tells the CPU how to get 
started when the system is reset. It might also 
contain a small monitor, an interpreter such 
as TINY BASIC, or some game software. 


The 8155 provides 256 bytes of RAM, 
timer/counter and 22 I/O lines. Both devices 
connect directly to the 8088’s multiplexed 
address/data bus because they internallly 
latch the address when ALE goes LOW. 


The majority of the system RAM is provided 
by two 2114s. These 1K x 4 static RAMs do 
not internally latch the lower 8-bits of address 


as the 8755 and 8155 do. For this reason, an. 


8282 octal latch is used to provide a 
demultiplexed address bus. The 8282 looks at 
the lower eight bits of address at the 
beginning of each machine cycle, and holds it 


on the address bus on the falling edge of ALE. 


Note that the 2114s are chip selected, using a 
decoded address from the 8205 decoder, 
combined with the DEN output of the 8088. 
The DEN delays the chip select until the 
system is ready for data to be driven onto the 
data bus. If this were not done, the 2114s 
would output data onto the data bus shortly 
after the address appeared on the bus. This 
would cause a problem called “bus con- 
tention”, where the 8088 is driving address 


information on the address/data bus at the 
same time the 2114s are beginning to. drive 
data on that same bus (see Fig. 4-5). This is 
prevented by using DEN to.delay CS until 
after ALE goes LOW. 


Universal Synchronous/Asynchronous 


'- Receiver/Transmitter 


Another important part of this design is the 
8251A USART. The 8251A is a peripheral 
device programmed by the. CPU to transmit 
and receive serial data. | 


The USART accepts data characters from © 


the CPU in parallel, and then converts the 


characters into a serial data stream for 
transmission. Simultaneously, the 8251A can. 
receive serial data streams and convert them 
into parallel data characters for the CPU. 


The 8088 and 8251A interface is quite simple. 
Data travels to and from the 8251A via the 
8088’s multiplexed address/data bus. The 
RD and WR inputs of the 8251A are driven 
directly by the 8088’s RD and WR control : 
lines. - 

The Chip select is ievided by the 8205 
address decoder, and address line A0 tells the 
USART whether the data bus is transmitting 
a data character or a control/status char- 


) acter. 


Baud/Rate Generation 

The rate serial data shifts into and out of the 
8251A is controlled by the Receiver Clock 
(RxC) and Transmitter Clock (TxC) inputs. 
They are provided. by the TIMER OUT 
output from the 8155’s 4-bit counter/ timer. 


A demultiplexed system is useful for a 
number of applications, including small 
control or monitoring systems, dedicated 
testing, or games. 


The monitor software for the 8755A is 
available through Insite, the INTEL users 
library. It contains a “bootup” routine, 
display/alter memory and registers, single. 
step, break point, and other functions. 
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CHIP SELECT MUST BE DELAYED BY DEN UNTIL ALE GOES LOW TO PREVENT BUS CONTENTION. 


Figure 4-5. 2114 Chip Select Connection 


a dk ““] [es CS Tes f[es] [ts 
8284A DECODE 2708 | 2708 2708 | | 2114 2114 
EN | in | 
CLK ° : 7a : , 

8282 


re CCCI 


Lie 
Te 


CONTROL/STATUS : 
5266 


Figure 4-6. iAPX 88 $100 Bus System 
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|| Reprinted by permission from Micréfuture. | 


' "Figure 4-7. iAPX 88'S100 Schematic 
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iAPX 88-BASED $100 BUS SYSTEM 


One very popular standard for microcompu- 
ter systems is the S100 Bus. This application 
example describes an S100 system which uses 
the iAPX 88 to implement a high perfor- 
mance system which has many other benefits. 


First, an iAPX 88-based S100 system 1s easy 
to implement, because the CPU interface 1s 
very similar to the CPUs for which the 
standard S100 was originally designed. For 
example, the hardware of an 8085-based 
S100 CPU card is very similar to this system. 


Secondly, because this $100 system is using 
an iAPX 88 CPU, standard S100 memory, 
I/O, peripherals, and other cards, can take 
advantage of the powerful iAPX 88 features 
to greatly enhance the capabilities of existing 
S100 systems based on the 8080, Z80 or other 
8-bit CPU’s. 

Another point is that, along with higher 
performance, the system also has the advant- 
age of the greatly relaxed iAPX 88 bus to 
accommodate slower memory, I/O, and 
peripheral cards without the performance 
degradation of wait states. 


The bus also directly supports the iAPX 
88’s 1 Megabyte memory address space. _ 


As shown in the block diagram in Figure 4-6, 
the system has 3K bytes of EPROM (three 
2708’s), 1K of ROM (two 2114s), fully 
buffered busses and demultiplexed address 
bus. The control and status busses have been 
decoded to provide compatible signals for the 
$100 bus. 

I/O, peripherals and additional memory are 
assumed to be on the other standard S100 


iAPX 88-BASED CRT CONTROLLER 


This application example describes an intel- 
ligent CRT controller based on the iAPX 88 
and the 8276 Small System CRT controller. 
This design demonstrates the power of the 
iAPX 88 and LSI chips for a low component 
count. 


A unique implementation shows how to 
eliminate the need for a DMA controller, 
while enabling the iAPX 88 to supply 
characters directly to the 8276 by means of 
interrupt-driven software. 


The overhead on the processor 1s less than 
30%, leaving it free to implement intelligent 
terminal functions, as local data processing. 


The entire design requires only 22 IC 
packages. 


The heart of the controller is an iAPX 88 
operating at 5 MHz (Fig. 4-8). It is supported 
by two 8185 (1K x 8) static RAMs, and a 
2716 EPROM, containing control software. 
An 8251A programmable communication 
interface provides synchronous or asynchro- 
nous serial communications. | 

Baud rates are selected by switches on the 
board. The baud rate clock is generated by 


- the 8253 programmable interval timer under 


cards in the system. A detailed schematic is_ 


shown in Figure 4-7. 

PC board and software for this system are 
available from Microfuture !!], The boards 
are called the CP88, and the monitor 
software the muMon/88. 


Note 1: Microfuture, P.O. Box 5951, San Jose CA, . 


95150. 
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software control. 


An 8255A provides three 8-bit parallel I/O 
ports, two of which are utilized for keyboard 
scanning. The third port is used to sense 
option switch settings and to sense the 
vertical retrace signal from the 8276 for CRT 
synchronization upon reset. 


The CRT interface is controlled by an 8276 
programmable CRT controller. The CRT 
dot and character timing is generated by an 
8284A clock generator. A second counter of 
the 8253 timer provides the appropriate 
horizontal retrace timing for the CRT 
monitor. A 2716 EPROM provides a user- 
programmable character generator. 


A-shift register transforms parallel data from 
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the character EPROM into a serial bit stream - 


to illuminate dots on the.CRT screen. The 
2716 character generator makes it possible to 
display special symbols for word processing 
or industrial control applications, or to 
display characters and words in:a foreign 
language.. 


Screen Memory reatwe: a 


One special feature ofthis desinit is the iAPX 


88’s Load String (LODS) instruction to 
emulate DMA. This DMA function fills the 
8276s row buffers which must receive 80 
characters (one row. on. the CRT screen) every 
617 microseconds. This is done using an 
interrupt routine which saves the registers to 
be used, points to’ ae first character to be 


DMAed,: and uses a repeated Load String 
(REP LODS) to DMA 40 words (80 bytes) to 
the 8276. The routine then checks to see if it is 
at the bottom of the screen memory, updates 
the character pointer in memory, restores the 
registers, and returns from the ade - 


DMA Emulation 

The LODS instruction - ecaallg. moves each 
byte of data from memory to the 8276 in one 
machine cycle by using ‘a special: decoding 
trick to generate both a read signal to 
memory and a write signal to the 8276. The 
address decoding 1 is set up so that the screen 
memory is at memory locations 30H to 
7FFH. This memory is also accessed by 
memory addresses 1030H through 17FFH. 


DOT/ 
CHARACTER |]. 
TIMING ~~ =—7 


. VERTICAL 
SYNC 


CHARACTER 
GENERATOR 


KEYBOARD STATUS 


Figure 4-8. CRT Controller Block Diagram 
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Any memory reads using addresses 1030H- 
17FFH will simultaneously cause a write to 
the 8276 row buffers (Fig. 4-9). ie as 
In this way, the iAPX ‘88 emulates DMA by 
addressing both the 8185s and 8276, directly 
transferring data from the screen memory to 
the 8276 row buffers. Other accesses of screen 
memory; ‘such as inputting a character from 
the: keyboard, are’ done — using addresses 
between 30H and ‘7F FH. 


Another demonstration of ‘the power of the 
iAPX 88 is the routine which recognizes 
escape characters (Fig. 4-10). 


Using the iAPX . 88’s_ Translate - (XLAT) 
instruction and flexible addressing, this 
routine takes only 9 lines and 22 bytes of 
code. It executes in 6.6 microseconds. This 
same routine written for the 8085A-2 takes 20 


1/2 
74LS139. 
Y 


DECODER 


ep AEE 
74LS139 
DECODER 


A SINGLE 8088 STRING INSTRUCTION 
MOVES DATA BYTES FROM THE 8185 
RAM TO THE 8276 ROW BUFFER. THE 
8088 “THINKS” IT = LOADING THE AX 
REGISTER. 


lines, 61 bytes, and 31 microseconds. The 
iAPX 88.uses-fewer than half the lines and 
bytes of code; while: executing 4.7 times 
faster! | a | , 


iAPX 88 MULTIPROCESSING SYSTEMS 


Using multiple processors in medium-to- 
large systems offers several significant advan- 
tages over: the centralized: approach that relies 
ona single CPU:and extremely fast memory: 

ly System tasks may be allocated to special- 
purpose processors whose designs are opti- 
mized. to perform specific tasks simply and 
efficiently. 


2) Very high levels. of etiormance can be 
attained when processors can execute simul- 
taneously. (parallel/ distributed processing). - 


DATA BUS 


' Figure:4-9.' 8276 Row Buffer Loading 
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3) Reliability 1s improved by isolating sys- ~~ 


tem functions so a failure or error in one part 
of the system has a. limited effect on the rest 
of the system. 


4) Modular system design‘ promotes parallel 


development of subsystems breaks the appli- 
cation into smaller, more manageable tasks, 
and helps isolate the effects of im 
modifications... 


The iAPX 88 architecture appons two types 


of processors:’ independent Processors. and — 


coprocessors. :*. 2 
An independent processor executes its. own 


bus arbiters (system bus arbitration), or by a 


combination of the two, when processors 
have access to multiple shared busses. In all 
cases, the arbitration mechanism operates 


" invisibly to'software. 


For mutual exclusion, each processor has a 
LOCK (bus lock) signal (program activated), 
to prevent other processors from obtaining a 
_ shared system bus. | 


. The IOP may lock the ‘bus during a DMA 
. transfer : to: ensure both that the transfer 


© complecs. in the shortest possible time, and 


as ha 


instruction stream. The 8088 CPU: and 8089 : 
1/O Processor are examples of independent... 


processors. 


An 8088 typically executes a 


program in response to an interrupt. The IOP — 
starts its channels in response to an interrupt- 


like signal called’ a channel attention; this 
signal is typically issued by a CPU. 


The iAPX 88 product line atchitecture also 
supports “processor extensions. The 8087 
Numeric Processor Extension is an example. 
A special interface, designed into the 8088, 
allows. this. type noe Processor to La ac- 
comodated. 


The processor extension ade eddaional 
‘registers, data types, and instruction re- 
‘sources directly to the system. When one 8087 
1S configured with one 8089 and an 8088, the 


system is referred | to as IAPX88 /21 (Fig; «> ° 


4-11). 


iAPX 88 hduliseoeesdae Interface. 

‘The iAPX 88 architecture simplifies. ‘the 
development of. multiple-processor systems 
by providing facilities for coordinating. the 


interaction of the processors. The iAPX' 88 


provides built-in. solutions to two classic 
multiprocessing coordination problems: bus 
arbitration and mutual exclusion. ? 


Bus arbitration may be performed by the bus 
request/ grant logic contained in each of the 


processors (local bus arbitration), by 8289. 
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‘,that another processor ‘does not access the 
_ target of the transfer (e. ga buffer) while it is 
_ begin. updated. 


~Each subsystem can examine and update a 
memory byte with the bus locked, using a 
LOCK “prefix. with the XCHG instruction. 
This instruction can be used to implement a 
semaphore. mechanism for controlling the 
access of multiple processors to shared 
resources. A semaphore is a variable that 
indicates. whether:a resource, such as a buffer 
ora pointer, is “available” or “in use.” 


One: multiprocessing ‘system is shown in 
_Figure.4-12. This iAPX system uses the 8088 
: CPU to perform data processing | activities. 


: iat AX | 


“AX,AX 
BX,ESCTBL ; 
AL, USCHR 
AL,41H 


load table pointer: 

; read'character 

+s check for 41H (lowest 

: ’ possible escape character | 
value) 

; not valid | ; 
; check for 48H (highest | 
eee escape character 
value) 

; not valid 


; translate to routine address. 


: a Figure 4-10. Escape Character Recognition Code 
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Figure 4-11. iAPX 88 Multiprocessing System 
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Figure 4-12. Typical iAPX 88 Local Mode Configuration 
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I/O intensive tasks, such as 
handled by the 8089 I/O Processor. This 
configuration is said to use the IOP in Jocal 
mode because the 8088 and the 8089 share all 


the system resources and the comm:)n local 


DMA, are | 
- system will assure that bus contention and 


bus. The system name for the BUSS UEUER: 


combination is iAPX 88 /11. 


Use of the system resources is arbitrated by 


the Request/Grant (RQ/GT) line which 


serves the same function as HOLD/HLDA.- 
in minimum mode. This enables the 8089 to - 
gain control of the system to read parameter — 


blocks from memory, perform DMA, . or 
execute other I/O processing tasks. 


Figure 4-11 is a block diagram of an i1APX 


88/21 system. Here the IO processor is said to - 
be in remote mode because it has its own local. 


resources separate from those of the 8088. 


The processors communicate with each 


other and can share resources via the 


MULTIBUS™ system bus. Control of the 
MULTIBUS™ is handled by the 8289 Bus 


system bus for the 8089. The 8289s in the 


deadlock do not occur. 


Some systems will have several separate data 
processing tasks which can all be operated on 
at the same time. This could use a con- 
figuration such as Figure 4-14; which has two 
iAPX 88/10 subsystems and one iAPX 86/10 
subsystem. This could easily be expanded by 


adding’ Numeric Data Processors (iAPX 


* 88/20) 8089 I/O Processors, and/or more 
iAPX 88, 86 subsystems. Each subsystem has 


its own local bus on which it can attach 


its own resources. 


In this ‘system, the LOCK ‘output of the 


processors can be very important. When one 


subsystem begins an operation such as a read- 


modify-write using a shared, resource, the 


~ CPU can use the LOCK to assure that the 


operation is completed: ‘before another sub- 


system can take control of the system bus. — 
.. The LOCK signal tells the 8288 and 8289 that 


Arbiter. Note that each subsystem has its: _ 
own 8289 to access the system bus in order — 
to use shared resources and communicate — 


with the other subsystem. 
An example of one possible configuration for 


the 8089 in Remote. Mode is shown in Figure | 
4-13. This subsystem ‘has its own local I/O 


and memory resources. For many systems of 


this type, a large percentage of the 8089's 


tasks will use its local resources and not 
require use of. the multimaster system bus. 

But, when the 8089 does need to use shared 
resources, the:8289 will obtain control of the 


control of the bus must not be given up 
between the two bus cycles of this type of 
instruction. In this way, an exchange instruct- 


- ion can be used to set a semaphore flag 


without the possibility of ‘losing the bus 
between the read and write ae of the. 


exchange. . | 
The iAPX 88 architecture eoribiss modular 


multiprocessing designs. The maximum. 


. mode. interface with the 8288 Bus Controller 


~and 8289 Bus Arbiter provide all the signals 
. nécessary for implementing multimaster 
_ busses and greatly simplifying the. en of 
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Figure.4-13. Typical 8089-Remote Mode Configuration 
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Figure 4-14. iAPX 86,88-Multiprocessing System 
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‘MICROCOMPUTER OVERVIEW 


WHAT IS A:MICROCOMPUTER? 

A Microcomputer is a system of one or more 
integrated circuit devices using semiconduc- 
tor technology and digital logic to implement 
large computer functions on a smaller scale. 
Computer miniaturization is a leap-frog 
technology, with microcomputers getting 
smaller, faster, and cheaper each year. . 
There are three main elements in a micro- 
computer system; each has a special role to 
play in the overall operation of the computer 
system. These, three elements are shown in 
Figure 1. They are the central processing unit 
(CPU),. the memory, and the vet Cun 
(IO) ports. 


The CPU does the actual work of the: micro- 
computer system: numerical processing (addi- 
tions, subtractions, etc.) logical operations; 
and timing functions. 


The CPU is:told what to do: by a set of 
instructions, called .a' program, stored in.the 
microcomputer’s memory. Data is.also kept 


inthe memory and processed according to 
programmed instructions. The input/output 
(10) ports -allow the CPU to communicate 
with the outside world. 7 


The. program(s) are. specially designed. sec- 
tions. of machine code that perform | the 
following, to name.a few: 


® numeric calculation . 

© communication with Input/ Output devices 

© organization and manipulation — o data 
- structures 

o response to expected and unexpected con- 
~ ditions and program interrupts | 

® translation of Input/Output data to/from 
 machine-usable format * ~ 

e 


coordination, moUOnEy and timing of 
events i ME. 


While it may ‘appear that the computer does 
many things simultaneously, the CPU exe- 
cutes just one instruction. at a time. Instruc- 
tion times vary depending on the type of 
instruction, and the speed of memory or I/O 
device. 


~ ADDRESS BUS 


" MEMORY 


- DATABUS 


-CONTROLBUS_ 


Figure: S-1:. Microcomputer Block Diagram 
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The CPU reads in data or control signals 
through the input ports and. sends: data. or 
control: signals to the outside world through 
the output ports. . 


System | input/ output devices’ may also be 
called peripherals. Many different types of 
peripherals exist: some peripheral devices can 
do limited processing on the ae given to 
them by the CPU. 


Ina typical microcomputer-based CRT ter- 
minal, the input ports are connected to 
keyboard push buttons while the output 
ports are connected to the hardware that 
generates the characters displayed on the 
CRT screen. _ 


In addition to reading input characters and 
displaying them on the screen, the CPU may 
also scroll character lines up the screen and 
perform special functions such as instructing 
the displayed characters. to blink or to be 
highlighted... 


In this CRT application, as with others, the 
CPU provides the real intelligence in the 
microcomputer system and relies on memory 
and I/O devices for support. 


WHAT ARE DATA, ADDRESS AND 
CONTROL BUSSES? 


The CPU uses the address bus to select the 


desired memory or I/O device by providing a 


The CPU is physically connected to the - 7 


memory and I/O devices by the bus interface 
which is a connection of parallel wires (some- 


times called “lines”) that perform a similar — 


function. As Figure 1 shows, there are three 


different busses that interface a CPU to other — 


system components. They are the data bus, 
the address bus, and the control bus. 


The data bus, as the name implies, is the set 


of wires over which data passes between the. 


CPU and the memory and I/O. The data can — 


either be instructions for the CPU, or infor- 
mation the CPU is passing to or from. no 
ports. Dita 


unique address that corresponds to one.of the 
many memory or I/O elements in the system. 


The control bus contains control lines for 
signals to the memory and I/O devices and 
specifies whether data is to go into or out of 
the CPU and exactly when the data is being 
transferred. | ) 


From one microcomputer to another, the 
number of bus lines may vary. A microcom- 
puter is called an “8-bit machine” if there are 
eight lines in the data bus and the CPU 
communicates with memory and I/O using 
8-bit bytes. Likewise, a “16-bit machine” has 
a 16-bit wide data bus. : . 3 


Also, the number of address bus lines varies 
from one microcomputer to another. Some 
smaller machines, like the Intel 8088. -have 
only 14 lines in the address bus, providing 
unique addressability of about 16,000 pieces 
of information. (All the signals emanating 
from a microprocessor are interpreted in 
terms of voltage levels (high or low) on the 
bus lines. The signals on the address bus 
represent a binary number: HIGH voltages 
are 1’s, LOW voltage are 0’s. Thus, a 14-line 
address bus can specify up to 214 or 16,384 
unique memory addresses). 


In an 8-bit machine, each address (sometimes 


called “location”).can point to an 8-bit quan- 


tity of data or program information. The 
Intel 8080 has 16 lines in the address bus, 
providing addressability of over 65,000 bytes. 


The Intel 8088, described herein, actually has 


20 lines in its address bus, providing the 
binary addressability for over 1 million bytes 
of information. 
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HOW ARE MACHINE CYCLES, | se 
INTERRUPTS, AND DIRECT MEMORY 
ACCESS RELATED? | 


Machine Cycles 


As the microcomputer program executes, 
data is transferred to and from memory and 
I/O devices... Each time the CPU transfers 
data between itself and one of the other parts 
of the system, we call this:the execution of a 
machine cycle (or “bus cycle”). Machine 
cycles include operations like. instruction 
fetch, memory read, memory write, read 
from an input port, or a write to an output 
port. The timing of these operations is coor- 
dinated by the CPU. clock signal derived 
from. CPU :timing sources from:an: external 
crystal or other frequency source. 


At the ‘beginning of a machine cycle, the 
CPU issues a binary code to the address bus 
to identify the memory location or I/O 
device to be accessed. Next, the CPU issues 
an‘activity command on: the control bus. 
Third, the CPU either receives or transmits 
data over the data bus. 


Following the data transfer, the CPU pre- 
pares to issue the next memory or I/O 
address for the next machine cycle. In this 
manner, the CPU cycles through the. .pro- 
grammed instructions, performing logical 
arithmetic and I/O operations as required. 


The CPU keeps track of the instruction 
sequence. with the:program ‘counter register 
containing the.-binary address of the next 
instruction in memory. 


Normally, the program counter is inctre- 
mented after. a. given;instruction is executed. 
The CPU automatically fetches instructions 
from memory, decodes. them, and executes 
them in sequence, until the program ends, or, 
until special instructions.tell the CPU to exe- 
cute instructions.in other parts of program 
memory. 


$-3 


Certain situations can interrupt the normal 
sequential flow of instruction execution. For 
example,.a wait state may be imposed in a 
given machine cycle to provide more time for 
a memory or I/O device to communicate 
with the CPU. Wait states are needed when a 
fast microprocessor needs to communicate 


‘with a slow memory. Here’s why: 


Once the CPU addresses memory, it cannot 
proceed until the memory responds. While 
most memories respond faster than required, 
some cannot supply the addressed byte 


within the minimum time established by the 
CPU clock. Therefore, the memory must 


request a wait state when it receives the CPU 
signal that a memory read or write operation 
has commenced. After the memory responds, 
it signals the CPU to leave the wait state and 
continue processing. 


Another situation that alters sequential instruc- 
tion execution is an interrupt. Interrupts 
actually improve CPU efficiency. For exam- 
ple, consider a computer that is processing a 
large volume of data, portions of which are 
to be output toa printer. The CPU can out- 
put to the printer in one machine cycle, but 
the printer may take many machine cycles to 
actually print the characters specified by the 
data byte. So, the CPU must remain idle 


until the printer can accept the next data byte 


from the CPU, or, if an interrupt capability is 
implemented, the CPU can output to the 
printer and then return to other data process- 
ing. When the printer is ready to accept the 
next data byte, it signals the CPU via special 
interrupt control line. When the CPU an- 
swers the interrupt it suspends main program 
execution and automatically switches to the 
instructions that output to the printer, after 
which, the CPU continues with ‘main pro- 
gram’ execution where processing was 
suspended. 
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Priority interrupt structures are possible 
where: several interrupting devices share the 
same CPU. If two or more interrupts occur 
simultaneously, the one with the higher ee 
ity: is serviced first. 


Another feature that i improves microproces- 
Sor throughput is direct memory access, 
otherwise called DMA. In ordinary input/ 
output operations, the CPU itself supervises 
the entire data transfer. as. it executes I/O 
instructions to transfer data from the input 
device tothe CPU. and then from the CPU to 
specified memory location. Similarly, data 
going from memory to an output device also 
goes by way of the CPU. 


Some peripheral devices transfer information 
to/from memory faster than the CPU can 
accomplish the transfer under program con- 
trol. In this case, using DMA (direct memory 
access) the CPU allows the peripheral device 
to hold and control the bus transfer the data 
directly to/from memory without involving 
the. CPU itself. | 


When the DMA transfer is done, the peri- 
pheral releases the hold request signal. The 
CPU then resumes processing - instructions 
where it left off. | 


The DMA allows the high speed data 
transfers required in many of today’s micro- 
computer systems with hard disk controllers, 
and CRT terminals, etc. © 7 


WHAT'S INSIDE THE CPU? 

A typical microprocessor CPU consists of the 
following three functional units: The regis- 
ters, arithmetic] logic unit (ALU), and control 
circuitry, described below. : 
Registers provide temporary storage within 
the CPU for status codes, memory.addresses, 


and other information useful to the CPU and > 
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programmer during program execution. Dif- 
ferent microprocessors have different num- 
bers and sizes of registers. In general, 8-bit 
microprocessors have 8-bit registers and 16- 
bit microprocessors have 16 bits in each 
register. 


All CPUs contain an arithmetic logic unit, 
often referred to as the ALU. The ALU, as its 
name implies, is the CPU hardware that per- 
forms arithmetic and logical operations: on 
binary data. The ALU contains an adder to 
perform binary arithmetic. manipulations on 
data obtained from memory, the registers or 
other inputs. Some ALU’s perform more 
complex arithmetic operations such as mul- 
tiplication and division. ALU’s also provide 
other functions including Boolean logic and 
data shifting by one or more bit positions. 
The ALU also contains flag bits that signal 
the results of arithmetic and logical manipu- 
lations such as sign, zero, carry, and parity 
information. These flag bits frequently. de- 
termine where the program will continue 
after the current instruction is executed. 


The control circuitry coordinates all micro- 
processor activity. Using clock inputs, the 
control circuitry maintains the proper 
sequence of events required for any process- 
ing task. The control circuitry decodes the 
instruction bits and issues control signals to 
units both internal and external to the CPU 
to perform the proper processing action. It is 
the control circuitry that responds to external 
signals, such as interrupt or wait requests. 


As mentioned before, an interrupt request 
will cause the control circuitry to temporarily 
interrupt the program in process, and direct 
the microcomputer to execute a special inter- 
rupt service program. A wait.request causes 
the control circuitry to. suspend processing of 
the current.instruction until the memory or 
I/O port is ready with the data. 
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Addressing Modes 


The address that the CPU provides on the 
address lines selects one specific memory or 
I/O device from all those available. This 
address can be generated in different ways 
depending on the operation being performed. 
For an instruction fetch, the address comes 
from the CPU program counter register. 
While executing an instruction, this address 
can be generated many different ways, called 
addressing modes. 


In the simplest addressing mode, the desired 
data item is contained within the instruction 
being executed. In a more complex address- 
ing mode the instruction contains the mem- 
ory address of the data. Or, the instruction 
may reference a CPU register that contains 
the memory address of the data. 


And finally within some microprocessors, the 
instruction may instruct the control circuitry 
to generate a complex address that is the sum 
of several address components such as multi- 
ple registers plus data contained in the 
instruction itself. 


Generally, the most powerful micropro- 
cessors are the ones with the widest variety 
of addressing modes available to the 
programmer. 


When you put it all together: the microcom- 
puter bus structure, the CPU registers, the 
addressing modes, and the instructions them- 
selves, you have the total microcomputer 
architecture. The many available microcom- 
puters have many different architectures 
from which the system designer has to choose 
in selecting a microcomputer for this 
application. 
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Benchmark Report: 
Intel® iAPX 88 vs 
Zilog Z80 


Z80 is a registered trademark of Zilog Corporation. 
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INTRODUCTION 


This benchmark’ report compares the capabilities of 
Intel’s iAPX 88/10 microprocessor with those of the 
Zilog Z80. The purpose of the report is to aid the user in 
his evaluation of the two processors, and to provide him 
with some of the information he will need in making a 
knowledgeable decision regarding which processor best 
satisfies the requirements of his ‘application. 


Because system requirements can vary greatly from one 
application to the next, no. one program can adequately 
display the capabilities of each processor. For this 
reason, ten programs have been chosen to demonstrate 
the performance of the iAPX 88/10 and Z80 in several 
areas. The benchmark programs cover some of the basic 
tasks which are relevant to many of the applications for 
which these two processors might be considered.’ These 
ten programs demonstrate the processors capabilities in 
the areas of Data Manipulation, Computation, and 
Processor Control. Each program was defined in such a 
way as to be relatively straightforward, while still allow- 
ing the processors to use their instruction set einciently 
in implementing the program. 


The ‘benchmark programs were used to evaluate the 
iAPX 88/ 10 and Z80.on the basis of execution speed, 
ease of programming (number of lines of code) and 
memory usage. These factors were considered because 
they are often the. key requirements evaluated when a 
design decision is made. _ Execution speed is a direct 
measure of how fast a processor will complete a task. 
This can be the critical Tequirement for many real-time 
control or multi-user systems. Here, cost may not be the 
primary issue because a less expensive but slower system 
may be inadequate, regardless of the cost savings. On 
the other hand, many systems: do have critical: cost 
requirements for which it may make sense to sacrifice 
some execution speed in order to reduce costs. For a 
memory intensive system, the cost can be reduced 
significantly by. using less: memory, or less’ expensive 
lower. speed memory. For this reason, coding efficiency 
and memory access time were examined to help evaluate 
price/performance tradeoffs. Another factor, the: ease 
of programming, is becoming more and more.important 
as the cost of 1 memory ‘decreases and the amount of soft- 
ware in the typical microprocessor application rapidly 
grows. For. many, applications, software development 
costs have become greater than hardware development 
costs. This means that the total development costs of 
such a project can be substantially reduced by using the 
processor which accomplishes the most in the least 
number of lines of code. To demonstrate performance 
in this area, the processors have been évaluated on the 
basis of the number of lines of code required for each 
program which has been defined as ‘‘ease of pro- 
gramming.”’ = . : 

The benchmark programs in this report were written for 
the. purpose of comparing the iAPX 88/10 and Z80 
microprocessors. They should be used only as a guide in 


evaluating processor performance and are‘not an abso- 
lute measure of performance for all applications. The 
programs were written to perform the tasks in a clear 
and straightforward manner. They do not necessarily 
show an optimized implementation of the task for either 
processor. The benchmark programs do, however, pro- 
vide relevant information and a consistent comparison 
which may be useful to the designer in choosing the 
microprocessor which delivers the best solution to the 
requirements of his design. 


PROCESSOR DESCRIPTION 


A brief description of some of the key features of the 
iAPX 88 and Z80 is included here and in Table 1. The 
topics discussed are Architecture, Memory Timing, 
Instruction Sets, and Addressing Modes. For more com- 
plete descriptions, refer to Intel’s 8086 Family Users 
Manual and Zilog’s Z80 Programming Manual or other 
related literature. Throughout this document iAPX 88 


will refer to a 5 MHz system using the 8088 CPU, while 


Z80A and Z80B will refer to 4 MHz and 6 MHz systems 
using the Z80 CPU. | 


Intel iAPX 88 


The: Intel 8088 (or 88/10) is the host processor of the 
iAPX 88 microcomputer system. The 88/10 is an 
N-channel MOS microprocessor which currently has a 
maximum clock rate of 5 MHz. Internally the.88/10 is a 
microcoded 16-bit processor which multiplexes a 16-bit 
internal data bus onto an 8-bit system. data bus for 
external communication. The address space is: | 
Megabyte which is segmented to support modular pro- 
gramming. Except for the implementation of the Bus 
Interface Unit, the 88/10 is identical to the Intel 86/10 
microprocessor. 


The architecture of the 88/10 is divided into. two 
separate processing units, the Bus Interface Unit (BIU) 
and the Execution Unit (EU). These two units perform 
separate functions in parallel to maximize throughput. 


The EU contains the 16-bit arithmetic/logic unit (ALU) 
as well as the general registers and flags of the CPU. It is 
responsible for executing instructions, and communi- 
cates only with the BIU: The BIU performs all bus 
operations needed by the EU. It contains the segment 
registers, the instruction pointer, the bus control logic 
and the instruction queue. Because the BIU operates in 
parallel with the EU, instruction fetches overlap instruc- 
tion execution. The result is efficient: utilization of the 
system bus and transparent instruction prefetch. 


The 88/10 contains three sets of four 16-bit registers, 
and nine one-bit flags. The four data group registers, 
AX, BX, CX and DX, as well as the four pointer and in- 
dex registers, SP, BP, SI and DI, are all 16-bits wide and 


~ can be used as source and destination i in most arithmetic 


and logic operations. All eight of these general registers 
function as accumulators for many instructions. The 
data group registers, AX, BX, Cx and DX can also be 
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Table 1. Architectural Features 


Memory Addressability l megabyte | 64K bytes 


General Registers — 
Number and Size* 8x 16 or 7X8 or 
8x8 and 1x8 and 


4x16 | 3x16 
Coprocessor Compatibility Yes . No . 


Instruction Sizes (bytes) 1,2,3,4,5,6 1,2,3,4 


Operand Addressing Modes is 
Register Yes Yes 
Immediate Yes Yes 
Direct Address Yes Yes 
Register Indirect | Yes Yes 
Indexed or Based Yes Yes 
Base + Indexed | Yes No 

_ Base + Displacement . Yes Yes 
Base + Indexed + Displacement Yes No 
Auto Increment/Decrement Yes Yes 


Data Types 


BCD Digits Yes .| Yes 
ASCII Digits Yes No — 
Bytes Yes Yes 
Words Yes Yes 
‘Unsigned Integers | Yes Yes - 
Signed Integers Yes Yes 


General Two Operand 

Operations | 

Reg with Reg to Reg Yes Yes 
Reg with Mem to Reg - Yes . 
Reg with Mem to Mem Yes -f| © 
Reg with Imed to Reg. | Yes Yes 
Mem with Imed to Mem - Yes No. 
Mem with Mem to Mem | Yes** =| Yes**_ 


Interrupts 
NMI Yes _ Yes 
Software Interrupts (#) “Yes (256) |‘ Yes (8) 
Maskable Hardware ~ ; a 


Interrupts (#) Yes (256) 


460 ns 


Yes (256) 


250 ns/ 
140 ris*** | 


Memory Access Time 


NOTES: 


*iAPX 88/10: The AX, BX, CX and DX ‘Tegisters can be used as four 16-bit 
. registers, or as eight 8-bit registers. With.the index and pointer registers, this 
gives eight 16-bit registers, or eight 8-bit.and four 16-bit registers. . 


_. Z80: Each of the BC, DE, and HL registers can be used as two 8-bit registers 
or a single 16-bit register. The A register is an eight bit accumulator. The 

' alternate register set can be used: for exchanges only (general logic. instruc- 
tions are not supported’ by the alternate register set). 


**For string instructions only. 
**#250 ns for the Z80A,-and 140 ns for the Z80B. 


used as eight 8-bit accumulators for byte operations. In 
addition to their general register functions, the pointer 
and index registers also serve as address registers. The SI 
and DI registers function as the source and destination 
indexes for the string operations. The Stack Pointer 
register (SP) is used in stack operations, and the BP 
register is a base pointer, for stack relative Based 
Addressing modes frequently used in high level 


language programming. The four 16-bit segment regis- 
ters CS, DS, SS and ES, provide memory segmentation 
expanding the address space to one megabyte. 


The iAPX 88 uses a four clock basic bus cycle. The nor- 
mal memory access time is 460 nsec. To use memories 
slower than this, wait states of 200 nsec can be added. 
Using one wait state produces a memory access time of 
660 nsec. Adding one wait state to the iAPX 88 reduces 
the throughput only approximately 10% because wait 
states are partially hidden by the queue. For a non- 
queued machine such as the Z80, the throughput, will 
typically be reduced about 20%. 


The iAPX 88/10 instruction set operates on sits BCD 
digits, ASCII digits, 8-bit bytes, 16-bit words, and 
signed or unsigned integers. Many of the two operand 
instructions allow both operands to reside in registers, 
Or one in a register and one in memory. The order of the 
operands is interchangeable, and the location of either 
source operand may serve-as the destination for the 
result. The arithmetic instructions include 8- or 16-bit 
Add, Subtract, Multiply, Divide and Compare.of signed 
or unsigned integer values..The iAPX 88 instructions 
are identical to those of the iAPX 86 providing complete 
software compatibility. Although this report considers 
only single processor systems, the iAPX 88 has the 
unique compatibility with the 8087 numieric data proc- 
éssor to extend the data types to include 32-bit integers 
as well as short (32-bit), long, (64-bit), and extended 
(80-bit) floatirig point numbers, and decimal numbers 
of up to 18 digits. Adding an 8087 also adds 68 ‘addi- 
tional instructions and eight: 80-bit registers. a 


Twenty-four addressing modes are available to. directly 
or indirectly access data and operands. These. modes 
allow from one to four component addressing using 
combinations of segment, base, and index registers, 
with optional 8- or 16-bit displacements. The string 
instructions provide auto increment and auto decrement 
addressing, memory to memory operations, and have an 
optional repeat prefix for automatically repeating the 
string instruction without re-tetching the opcode from 
memory. } 7 


Like the iAPX 86, the iAPX 88 has two modes of opera- 
tion. In the minimum mode, the iAPX’88 supports the 
hold/hold acknowledge protocol to enable bus control 
to be transferred to another bus master such as a DMA 
controller. In the maximum mode it supports two re- 
quest/ grant lines, each of which can support multiple 
bus masters for multiprocessor designs using the 8087 
Numeric Data Processor and/or the 8089 I/O Processor 
(i:APX 88/20, iAPX 88/21, iAPX 88/11). This mode 
also adds support for multiprocessor configurations and 
Multibus interface. | 


The iAPX 88 provides ipniiasbable awe Gaesenah 
interrupts and maskable or nonmaskable hardware (ex- 
ternal) interrupts. The interrupt structure supports up to 
256 different interrupt types using an interrupt vector 
table located in memory. 
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Zilog Z80 


The Z80 is an eight bit N-channel MOS microprocessor 
currently available in two versions, the Z80A and Z80B. 

The maximum clock rates are 4 MHz for the Z80A and 
6 MHz for the Z80B. Both speed selections-are used in 
benchmark timing. 


The Z80 registers are grouped into the main, alternate 
and special purpose register sets. The main and alternate 
register sets are two identical sets of eight-bit registers. 
Each set consists of eight registers, one accumulator 
(A), one flag register (F), and six general purpose regis- 
ters: the B, C, D, E, H, and L. For some operations, the 
general purpose registers can be concatenated together 
into sixteen bit register pairs. The user can switch back 
and forth between the main and alternate register sets 
using the exchange instructions, but. only one set can be 
active at any one time. One exchange instruction (EX) 
allows the main accumulator and flags to be exchanged 
with the alternate accumulator and flags. The other ex- 
change (EXX) switches all of the general purpose 
registers at once. This is helpful for a single context 
switch, but makes it difficult to pass data between the 
main and alternate register sets. 


The Z80 hax’ six special purpose registers: IX, IY, IP, 
SP, R, and I. The IX and IY are sixteen bit index regis- 
ters which can be added to a displacement to provide 
indexed addressing. The instruction pointer (IP) and 
stack pointer (SP) are also sixteen bit registers. The R 
register is a seven bit counter used for dynamic RAM 
refresh. The I register is a page register which contains 
the upper eight address bits for a Mode 2 interrupt. 


The Z80 supports one nonmaskable interrupt and has 
three. modes for maskable interrupts. In Mode 0, the 
Z80 requires the interrupting device to place one instruc- 
tion on the data bus. (This mode is identical to the way 
the 8080 handles interrupts.) Mode 1 performs an 
automatic restart to location 038H. In Mode 2, the in- 
terrupting device places an eight bit address on the bus. 
These eight bits are concatenated with the interrupt page 
register to point to a location in a memory based table 
of pean vectors. : 


The basic bus timing of ‘he 780 consists of an opcode 
fetch (M1), a memory read (M2), and a memory write 
(M3). During the M1 cycle, the CPU first fetches and 
then decodes the instruction opcode. (Because the Z80 
does not have a queue there is no overlap of opcode 
fetch and execution.) The Z80 then outputs a memory 
refresh address. If no wait states are used, M1 is four 
clock cycles, while M2 and M3 are each three clock 
cycles. The Mi zero wait state memory access times are 
250 ns and 140 ns for the Z80A and Z80B. These times 
can be increased by adding wait states. Each wait state 
adds one clock per memory reference. This adds 250 ns 
and 165 ns per bus cycle to the Z80A and Z80B to give 
access times of 500 ns and 305 ns respectively. 


The instruction set: of the Z80 contains eight major 
groups: Load and Exchange, Arithmetic, Logical, 
Rotate and Shift, Bit Manipulation, I/O, CPU and pro- 
gram. control, and Block instructions. The processor. 
operates on bits, BCD digits, eight-bit bytes and sixteen- 
bit words. The Block instructions will search or transfer 
a block of memory using the DE and HL registers as 
pointers and the BC register as a counter. 


The Z80 provides seven addressing modes to access data 
operands. It allows the use of eight or sixteen bit im- 
mediate addresses, indexing using the IX or IY with an 
eight bit displacement and peBiiee indirect addressing 
using register pairs. , 


PERFORMANCE MEASUREMENTS 


The processors were compared in four categories of per- 
formarice measurements. The first two categories 
measure the execution speed of the iAPX 88/10 and the 
Z80. The next comparison looks at the ease of use which 
is the number of lines of code in each program. The last 
basis for comparison is memory use or coding effi- 
ciency. . 


The first performance measurement tests the processors 
for maximum execution speed. This is important for 
many applications where high throughput is a critical 
factor. To measure this, the processors were run at max- 
imum speed with no wait states. The maximum clock 
rates are 5 MHz for the iAPX 88/10, 4 MHz for the 
Z80A and 6 MHz for the Z80B. Table 2 gives the results 
of this measurement for the iAPX 88/10 and the Z80A. 
Table 3 gives the results for the iAPX 88/ 10 and the 
Z80B. 


The next measurement again examines execution seal, 
but this time memory address access time was also con- 
sidered. While the processors. were -again run: at their 
maximum clock rates, they were also required to be 
compatible with slow .memories. The Z80B has a 
memory access time of 140 ns which often requires the 
use of expensive speed selected memories. And there are 
no EPROMs which could be used in this system without 
wait states. Because of this, many Z80B systems will be 
required to run with one, or even two wait states, pro- 
viding memory access times of 305 ns and 470 ns. Many 
systems using the Z80A also require one wait state 
which increases the memory access time from 250 ns to 
500 ns.. The iAPX 88 has a zero wait state memory ac- 
cess. time of 460 ns. This is relaxed enough to allow.the 
use of ordinary nonspeed selected memories including 
most EPROMs. Tables 4 and 5 compare the execution 
speeds of the processors for systems which have the re- 
quirement of a relaxed memory access time. The iAPX 
88 is run with no wait states because of its 460 ns zero 
wait state timing. The Z80A is measured with one wait 
state providing a 500 ns memory access time. The Z80B 
is measured for both the one and two wait state cases. 
These measurements give relative performance for 
relaxed memory access time. 
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The next. method of measuring performance was .to 


count the number of lines of code in each program:, 
These figures (in Table 6) demonstrate the power of the 


instruction set and the ease with which the programmer 
can implement the task using that processor. This has 
been defined as ‘‘ease of use,’’ and is becoming increas- 
ingly important. Both the cost of programmer time and 
the amount of: software in a.typical application are 
rapidly increasing. This means that a processor which. 
can accomplish more with fewer lines of code can 
greatly reduce a product’ S development time and cost. 


Table 7 is titled ‘‘Bytes. of Code.’’ It shows the mines 
of bytes of object code required to encode each pro- 
gram. This coding efficiency is directly translatable into 


system memory- requirements, and therefore, into 


system cost. Consequently, coding efficiency is very im- 


portant. in cost sensitive applications which have a large. 


amount of software such as a sophisticated operating 
system or many user programs. 


Tables 2 through 7 contain the results of the fii cate- 


gories of performance measurements. The:actual times: 
and numbers are given for each program along with the. 


Relative Performance which is the Z80 time or number 
divided by the iAPX 88 time or number. For each Table 


the Average Relative Performance was calculated by 


adding the Relative Performance. figures and dividing 
by .the number of programs (10). An ‘‘Adjusted 
Average’’. 
This average is calculated. without using the highest and 


lowest Relative Performance figures from that, table. 


This method makes sure that. the average is not greatly 
affected by one figure which may differ widely from the 
others, such as the Computer orephics Relauve Execu- 
tion Time in Table 2. eee by 


PROGRAM DESCRIPTIONS. 


The ten ‘benchmark programs were chosen to demon: 
strate the capabilities of the iAPX 88/10'and the Z80 in 
the areas of Data Manipulation, Computation, and 
Processor Control. All iAPX 88 code has been as- 
sembled and’ run. 


1. Computer Graphics 


The Computer Graphics program ccalee fie 4 ‘and Y 
pairs that make up a graphics display. The 16-bit X and 
Y pairs are offset by constant values (XO and YO), then 
multiplied: by a: fractional scale factor to obtain the 


scaled: XY pairs. There.are 16,384 pairs. This progtem 


demonstrates ee capability: 
2. 16-Bit Multiply | 


The 16-Bit Multiply p program reads two 16-bit numbers, 


from memory, multiplies them and returns the 32-bit 
product and the two. multiplicands to, memory.. It 
demonstrates computational capability. 


Relative. ‘Performance was also calculated. | 


3. Vector Add 


The 16-Bit Vector Add performs an element- Sydcucs 
add of two twenty. element vectors. Vector add demon- 
strates computation and string processing capabilities. 


4. Block Move . 


The Block Move program reads the block length, 
source, and destination from memory. The block length. 
was chosen to be 126 bytes. The data is moved from the 
source to the destination using repeated moves. Block 
Move demonstrates manipulation of string data. 


5. Block Translate » © 2 
The Block Translate program searislates a memory 
block containing’: EBCDIC ‘characters to ASCII and 
stores the ASCII characters in another memory block. 
The translation is done using an EBCDIC to ASCII 
translation table, and the block length is 125 bytes.. This 
demonstrates string data manipulenen and the use € of a 
lookup table. | 


6. Character Search 


The . Character Search program searches a - table ‘of 
known length for a specific character. If that character 
is found, its address is returned. If it is not found, zero 
is returned. This program demonstrates data com- 
parison and auto increment adcressIng:: “i 


7. Word Shift 


The Word Shift program reads a 16-bit word from 
memory, and shifts it N places to the right. (N is chosen 
to be five.) _ Zeros, rotate in on the left. The result is 
stored in memory. This demonstrates manipulation of 
16-bit data. 


8. Reentrant Call 7 
The Reentrant Call program passes three parameters to 
the called procedure. One is pushed from a general 
register, the other two are pushed from memory. The 
procedure is called, the state of the processor iS pushed 
onto the ‘stack, and local storage is set up. The’ pro- 
cedure body adds the three parameters and places the 
result in local’ storage. ‘The procedure i is then exited and 
the state of the processor is restored. | 


This program demonstrates the processors call andy reen- 
trant procedures and its ability to pass variables to a 
called procedure. Support of these features.is essential 
for procedure oriented structured PIOEramnine. 


9. Bubble Sort . a 

The Bubble Sort program sorts a one dimensional array 
of sixteen bit integer elements into numerically ascend- 
ing order, using the exchange (bubble) sort algorithm. 
This program. was measured for ; a ten element array in 
which the integers are initially i in descending order. Bub- 
ble Sort demonstrates ‘indexed addressing and data 
handling. 
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10. Interrupt Response 


This program accepts:an interrupt, pushes all the proc- 


essor registers (except the Stack Pointer) on'to the:stack, 
and jumps to a service routine. All registers are restored 
before returning from the service routine. This program 
also considers the worst case latency due to finishing the 
longest instruction. This is because when an interrupt 
occurs it must wait to be processed until after-the com- 
pletion of the current instruction. The times are mea- 
sured both with and without this latency. (For each 
application where interrupt response is critical, the 
designer should only consider the longest instruction his 
system will use.) 


RESULTS 


The benchmark results are presented in Tables 2, 3, 4, 5, 
6, and 7. These tables contain performance, measure- | 


ments figures in terms of execution speed, ease of use, 


and memory usage. For a description of these cate- 


gories, see the Performance Measurements section. 


Tables 2 and 3 show that the iAPX 88 executed nine of 
the ten programs faster than the Z80A, and that the 
iAPX 88 was faster than the Z80B for eight of the ten 
programs. The Computer Graphics program had the 
largest performance difference. Here the iAPX 88 was 


faster ‘than the Z80A and Z80B by relative execution 
time figures of 14.61 and 9.74. The major reason for 
this difference is the sixteen bit divide instruction, of the 
iAPX 88. The sixteen bit multiply instruction of the 
iAPX 88 also gave it a substantial performance advan-. 
tage in:the Sixteen Bit Multiply benchmark. The Z80B 
(but not the Z80A) was faster for the Block Translate. 
program. where the alternate register set and the string 
move instruction were used effectively. Both the Z80A 
and Z80B were faster than the iAPX 88 for the Interrupt 
Response benchmark. (The Z80 could have used the 
alternate register set for even faster interrupt response, 
but this would not allow multiple level interrupts. ) The 
two times given for each processor show its execution 
time with and without latency due to ‘finishing a 
previous instruction: The relative execution time figures: 
for this program used the average of these numbers. 
Here the Z80 gained a large advantage on instruction 


latency time because it does not have the time consum- 


ing (but powerful) sixteen bit divide and multiply in- 
structions of the iAPX 88. The hardware interrupt 
response time of the Z80 is.also faster than. that of the 
iAPX 88. 


The Average Relative Execution Timés from Tables 2 
and 3 show that iAPX 88 executed the programs faster 
than the Z80A and Z80B by ratios of 3.78 to 1 and 2.52 
to 1, respectively. 


Table 2, Execution Times (iAPX 88 vs Z80A) 


Absolute Time* — 
iAPX 88/10 (5 MHz) 


Benchmark Programs 


Computer Graphics 2.32 

16-Bit Multiply | . | . 40.8 

Vector Add HO “ 295.00 
Block Move « 328.00 ~.. 
Block Translate ° ' ~-1507.00- - 
136.00 


Character Search 
Word Shift. 13.00 


Bubble Sort__. 2406.00 
Reentrant Call _ 87.60 
Interrupt Response** 107/61.5 
Average Relative Execution Time*** 

Adjusted Average Relative Execution TimeT - 


NOTES: 


Relative Execution Time | | 


Z80A (4 MHz) Z80ANiAPX 88 


33.9 
354.0 
480.0 
661.0 

1980.0 
220.0 
48.6 
4596.0 
140.0 
75.5/69.7 


*The times are given in microseconds except for the Computer Graphics benchmark where the times are in seconds. 


**The times given for the Interrupt Response benchmark show two times. The first the time includes the latency due to finishing the previous ‘instruction. The second 


time does not include this latency. 


The Relative Execution Time and the averages use the average of these two times. 


***The Average Relative Execution Time is the sum of the processor’s. normalized times for all programs divided by the number of programs (10). . 


1The Adjusted Average Relative Execution Time is the average of the normalized times, excluding the highest and lowest normalized times. This prevents aug 
. Shifts in results due to anomalies.for one particular benchmark and may be viewed as a better measure of expected relative performance. 3 


AFN-01664A 


APPENDIX. 


Table. 3. Eipaution Times (iAPX 88 vs 5 280B) 


nelallve Execullon Time 
“Z80B/iIAPX 88 -— is. 


Absolute Time* 
‘WAPX eet 5 bali Z80B (6 MHz): 


Computer Graphics st “42.32 i > 7 “22.6 
-16-Bit Multiply 40,80 - 236.0 .. 
' . Vector Add ts A -" 295.00... -- +; -. 320.0. 
‘- Block Move: 328.00. o> 441.0 
“Block Translate » *1507.00' ° * 1320.0, 
’ Character Search’ -136:00 146.0000 
Word Shift © ee eB 00 = rn} 0 
_BubbleSort 2406.00 3064.0 
_Reentrant Call, a ek ORE bones 87.60 — 93.3 
Z Interrupt Response** rs : “107/61. 5 50.3/46.5 
Average Relative Execution: Time*** Se id 
piesa abn pvaase Relative Execution Timet - 


Benchmark Programs 


NOTES: 
*The times are given in microseconds except for the Computer Graphics ‘benchmark where’ the times are’in Seconds. 


**The times given for the Interrupt Response, benchmark stiow two times. The Hirst the time e includes the latency due to finishing the previous instruction: The second 
time: does not include this latency. - S i arene 54 og — 


The Relative Execution Time and the.averages use the average. of these’two:times. 
***The Average Relative Execution Time is the sum of the processor ’s normalized times for all programs divided by the number of Programs (10). 


trhe Adjusted Average Relative Execution Time is the average of the normalized times, excluding the highest and lowest normalized times. 


‘ 1 
f 


Tables 4 and 5 give the results for execution time with 


comparable memory access times. Here, the iAPX 88 
was faster than the Z80A for all ten programs, and 
faster than the Z80B for nine of the ten,programs. As 


explained in the Performance Meastirements ‘section, © 
the Z80A: was run: with.one wait state, and the Z80B for ~ - 


Poyeares 
aah Ue ‘ 


both the cases of one and two wait states. The Average 
Relative Execution Times in Tables 4 and 5 show that 
the iAPX 88 was faster than the Z80A with one wait 


state (4.77 to 1), the Z80B with one wait state (3.20 to 1) 
and. the Z80B with two wait states (3.83 to 1). 


“oN aoe ae Leer th~ mt 


Table 4. Execution Times with Comparable Memory Access Times (IAPX 88 vs Z80A)... 


Benchmark Programs 


Computer Graphics 2. 32 
16-Bit Multiply 40. 80 
Vector Add 295.00 
Block Move — 328.00 
Block Translate 1507.00 
136.00 


Character Search 
Word Shift 13.00 


Bubble Sort ~ 2406.00 
Reentrant Call os 87.60 
_Interrupt,.Response** _ 107/61.5. 
Average Relative Execution Time*** 

Adjusted Average Relative Execution Time*** 


NOTES: . 


..?° Absolute Time* 
iAPX 88/10:(5 MHz) 


Relative Execution Time 


Z80A (4: MHz) Z80/iAPX 88 


| 42.8 
452, 0 
"598.0 
829, 0 
“2514.0 
272.0 
59.0. * 
5777.0 
181.0 
 95.7/88.5 


*Times for the 280 include one wait state ori memory access! The times are given in microseconds for the Computer Graphics benchmark eee ‘es times are in 


seconds. 
**See note 2 of Table 2. 


***See Table 3, notes 3 and 4 for description of average calculations. 


AFN-01664A 


APPENDIX 


Lect 5. Execution Himes with dictll iath Memory Access Times (iAPX 88 vs Z80B) 


Relative Execution Time 
Z80/iAPX 88 
Z80B**. -280B*** 


ety Gee. Be. oe. . a | ier "Absolute Time* 
Benchmark Programs 


—Z80B***: 

34.5 
361.0 
477.0 

659.0. 
2032.0 
216.0 
48.0 
4638.0 


147.0 
77.3/71.5 


Z80B** 


28.5 
302.0 
399.0 

. . 552.0 

1676.0 

~ 181.0 
39.0 
3851.0 
120.0 
63.8/59.0 


~ IAPX 88 (5:-MHz): 


2.32 
40.80 
295.00 
328.00 
1507.00 
136.00 
13.00 
2406.00 
87.60 
107/61.5 


Computer Graphics 

16-Bit Multiply 

Vector Add 

Block Move 

Block Translate | — 

Character. ‘Search 

Word Shift - 

Bubble Sort | 

Reentrant Call 

Interrupt Responset 

Average Relative Execution TimeTT 
Adjusted Average Relative Execution TimeiT 


NOTES: : ‘ 
_ *The times are given in microseconds except for the Computer Graphics benchmark where the times are in seconds. 
: **These times for the 6 MHz Z80B include one wait state on. memory accesses. 


***These times for the 6 MHz Z80B include two wait states on memory accesses. 


TtSee note 2 of Table 2. 


tHsee Table 3, notes 3 and 4 for description of average calculations. 


Table 6 is titled ‘‘Ease of Use’’ and gives the number of 
lines of code required for each program. The Average 
Relative Program Length of 2.51 shows that the Z80 re- 
quired more than twice as many lines of code as the 
iAPX 88 to accomplish the.same tasks.. The sixteen bit 
multiply and divide instructions of the iAPX 88 were the 


major factors in the 4.73-and 5.00 Relative Program 
Length figures for the Computer Graphics and Sixteen | 


bit Multiply benchmarks. Some other factors which 


helped the iAPX 88 in this category are its flexible ad-' 


dressing modes, string instructions ‘and its ease of 
handling sixteen bit data. The Z80 used fewer lines of 
code for the Block Move and the Character Search 
benchmarks. The iAPX 88 Block Move uses word 
moves. A byte move algorithm could have been used,. 
but with a slight performance degradation (although 
still faster than the Z80). The program would then have’ 
the same number of lines (and bytes) of code used by the: 
Z80 Block Move. | 


Table 6. Ease of Programming (iAPX 88 vs Z80) 


Lines of Cade 


Benchmark Program iAPX 88/10 


Computer Graphics 
16-Bit Multiply 
‘Vector Add . 
Block Move 
‘Block Translate 
Character Search - 
Word Shift 

Bubble Sort, 
Reentrant Call 

“3 * Interrupt’ Resporise™ =" 


Average Relative Program Lenigth* | 
Adjusted Average Relative Program Length* 


NOTE: 


*See Table 3, notes 3 and 4 for description of average calculations. 


Relative Program Length 
Z80/iAPX 88 
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Table 7 gives the bytes-of object code used to encode the ~~“ Even though the majority of the Z80 opcodes are 


benchmark: programs. The Average Relative Code Size shorter than iAPX 88 opcodes, the Z80 requires more 
number of 1.97 says that the Z80 used nearly twice as = -‘memory mostly because the iAPX 88 used fewer lines of 
much memory to store its programs as the iAPX 88. code as shown in Table 6. i 


Table 7. Memory Utilization (Bytes) (iAPX 88 vs Z80) 


| Bytes of Code - Relative Code Size 
Benchmark Programs iAPX 88/10 280 Z80/iAPX 88 


Computer Graphics 
16-Bit Multiply | 
Vector Add 
Block Move 
Block Translate 
~ Character Search 
Word Shift 
Bubble Sort 
Reentrant Call 
Interrupt Response 
Average Relative Code Size* 
Adjusted Average Relative Code Size* 


NOTE: 


*See Table 3, notes 3 and 4 for description of average calculations. 
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iAPX 68/10 WITH ZERO WAIT STATES (460 ns MEMORY ACCESS TIME) 
IAPX 88/10 
iAPX 88/10 - 


2608 WITH ZERO WAIT STATES 
(140 ns MEMORY ACCESS TIME) 


| Z80A WITH ZERO WAIT 
MEMORY ACCESS TIME) 
WAIT STATE (S00ns | © 
2603 WiTH ONE WAIT 
STATE (305 ns MEMORY 
ACCESS TIME} 
WAIT STATES (470 ns 
MEMORY ACCESS 


STATES (250 ns 
2698 WITH TWO 


Z80A WITH ONE 


PROCESSOR PROGRAM LENGTH CODE SIZE 


Graph |. Normalized Average Throughput Graph Il. Normalized Average: Program Length and 
Code Size 
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CONCLUSION 


The results of this benchmark study show that the iAPX 
88/10 significantly outperformed both the Z80A and 
Z80B for the benchmark programs used. Table 8 shows 
that the iAPX 88 is faster than both the Z80A and the 
Z80B, and that the iAPX 88 uses fewer lines of code, 
less memory and cheaper memory than the Z80. 


The iAPX 88 did particularly well in the programs 
which were word oriented. It was also efficient to pro- 
gram due to the powerful instruction set and flexible ad- 
dressing modes. Both processors do have useful string 
instructions and a loop instruction with an automatic 
counter. The Z80 has faster interrupt response, but was 
slower and less efficient than the iAPX 88 for nearly all 
other benchmarks. 


In view of these results, it appears that the iAPX 88 is a 
better choice for applications where high throughput, 
low development cost and low memory cost are impor- 
tant considerations. 


Table 8. Performance Breakdown 


Performance Ratio of 
Performance Category iAPX 88 to Z80 


Execution Speed (Z80A) iAPX 88/10 is 3.79X faster 
Execution Speed (Z80B) iAPX 88/10 is 2.52X faster 
Execution Speed (Z80A)* | iAPX 88/10 is 4.77X faster 
Execution Speed (Z80B)** | iAPX 88/10 is 3.20X faster 
Execution Speed (Z80B)*** iAPX 88/10 is 3.83X faster 


Ease of Programming iAPX 88/10 is 2.51X more 
efficient 


iAPX 88/10 is 1.97X more 
efficient 


Coding Efficiency 


NOTES: 
*iAPX 88 vs Z80A with comparable memory (Z80A with 1 wait state). 
**iA PX 88 vs Z80B with comparable memory (Z80B with | wait state). 
***i A PX 88 vs Z80B with comparable memory (Z80B with 2 wait states). 
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BENCHMARK PROGRAM CODE AND FLOWCHARTS 


_ READ M1 


STORE P1 
STORE P2 


Figure 1. 16-Bit Multiply Flowchart 
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BENCHMARK: 16-Bit Multiply 
PROCESSOR: Intel iAPX 88 


sREGISTER USAGE: 
AX- ACCUMULATOR 
; DX- ACCUMULATOR 


Bytes Cycles 


3 18 MOV AX, Ml ;Read operand 
4 137 MUL M2 3; A*B 

3 19 _ MOV P1,AX ..... gS$tore LSB 

4 19° MOV Pz,DX ;Store MSB 


14 bytes of code 
4 lines of code 
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PROCESSOR: Z80 
Bytes Cycles 
4 20 
4 20 
2 7 
3 10 
1 11 sOLP: 
1 4 
2 7/\2 
] 11 
3 10 
I 11 MP1: 
1 6 
] 4 MPe: 
2 7/12 : 
T 11 
2 7/12 
1 6 
1 4 MP3: 
3 10. 
4 20 
3 16 


16-Bit Multiply 


APPENDIX 


Reus or usage 


we we we we 


a se 


 ~DE = 
ee ‘3 


DE, (mi: 


BC, (ey 


A, 16 
HL; 0- 


HE HL. 


NZ,LP 


sraaiag Teg CArny. 
ae enon nen ee 


Count 
Multiplier, Product MSB 


Multiplicand 
ae RORMEN LSB 


sLoad multiplier: 
load multiplicand 


;Load count 


.. Clear HL 
Shift product LSB left 
" 3Exchange MSB with LSB 


sJump if carry from LSB 


“8 3No carry. Shift multiplier left. 


Shift multiplier left. 


: Jump if no carry from multiplier 
Add ‘multiplicand to product LSB 


dump if no carry 


(PRMSB) ,DE 


(PRLSB)--HL 


41 bytes of code 
20 lines of code 
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sIncrement MSB due to Add carry 
;Decrement count 


 sLoop if not zero 


;Store product 
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INITIALIZE 
TRANSLATE, EBCDIC 
“AND ASCIL-TABLE 

POINTERS 


INITIALIZE COUNT 


READ EBCDIC 
CHARACTER, | 


TRANSLATE TO!; | |! 
“ascii 


STOREIN. **. 
ASCII BUFFER 


CHARACTERS 
STOPCHAR? 


| UPDATE POINTERS - 
.] AND COUNTER: 


Figure 2. Block Translate Flowchart 


14 


a 


ed 
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BENCHMARK: 
PROCESSOR: Intel 
Bytes Cycles 

4 


an 8: eg 
ee PR ee. MKS 

t : 
4 

t 


oR, ‘*, - ow 
Pa PQ. 
i 7 % 

(Side Ee ae 

> ae 


ae RS 
Pa | 


“ 5s: 


a: ee 
8 


16 NEXT? 


1575 
3 


r od 2 . 
V9/5 ov boas 
et ce ee bbe sea = ‘ 
Se wie Be 8 Ee See oe 
re mo ' 


iAPX 88 


Block Translate. 


: REGISTER USAGE | 


; AL 
: BX 
< iCX 
s. “Sa 


eee 


Po SL BARES 
"ee LEA 3. 
ca LEAS: 
Ss MOVE Ce! 
VCLD« « 


-LOOPNE. 


-LODS-?: 
5 KUATO 
STOSS* 
CMP 


ACCUMULATOR: 

TRANSLATE TABLE POINTER 
COUNT -- 

EBCBUF POINTER 


ASCIBUF: POINTER | 


BX, TABLE -  ;Initialize Table Pointer 
SI, EBCBUF -Initialize EBCDIC Pointer 
DI, ASCIBUF.- - -Initialize ASCII Pointer 
CX, “COUNT. . sInitialize COUNT 

Lod :Clear- direction flag 


EBCBUF _-$Read- EBCDIC- character 

TABLE +0 tu; -4 Translate to ASCII 

ASCIBUF | ;Store’ translated byte 
AL,EOL Fi ; Compare with terminator 
NEXT — = 3LOOp unless AL= EOL or CX =0 


3S 2d. bytes of code®. 
'10:1lines of code 
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BENCHMARK: Block Translate a ee 


PROCESSOR: 2Z80 


;sRegister usage - 


; A - Accumulator : 
; BC - Count — 
; DE - ASCII Buffer. | 
; DE' - EBCDIC Buffer. 
; HL - Accumulator ~.— + 3 
; SP - Translate table pointer 
Bytes Cycles | 
3. J0O.; .-., LD- , DE',EBCBUF . sLoad EBCDIC pointer 
wal G54. saiey SEAR «3 a as . ;Store pointer in DE' 
Or... we a0: .e?, LD: BC, COUNT: .. COUNT. = 125 i" 
3 VO 4 eo LD’ 4 DE, ASCIBUF © ;Load, ASCII pointer 
3 10 oe: LD... © SP, XTBL | sLoad translate table pointer 
1 cabs SEP Se OER KR, 2 ~- - sRestore EBCDIC pointer 
2 Jd. ~. LDD.. - A,(DE') + sLload EBCDIC character . 
1 « 4 =: EXX. see. A sRestore pointers. | 
2 aod ous . LD ~  H,O0 ,  « ;Clear'H : 
dois oa hee ope LD -— LA ris ;Load character into A 
1 11 ADD HL,SP sAddress of ASCII character 
2 16 LDI (DE),(HL).. - - Move ASCII character 
3. 10 JP PO,LD .-: ‘. og Jump: if not done 


26 bytes of code 
13 lines of code 


16 AFN-01664A 


APPENDIX 


_ FLAG = TRUE ca 


FLAG = FALSE 
KNT = COUNT — 1 
i=0 


ARRAY(\) > YES | EXCHANGE ARRAY (I) 
ARRAY (I+ 1)? _ AND ARRAY (I+ 1) 


, 4  FLAG= TRUE 
ol44 | 
KNT=KNT—-1 


Figure 3. Bubble Sort 
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BENCHMARK: 
PROCESSOR: 


Bytes 


rR 


NR a BN NM 


No BM as = 


1APX 88 


Cycles 


; AX - ACCUMULATOR 

BL - EXCHANGE FLAG .-(OFF=TRUE, 
> CX - COUNT OF ELEMENTS 
; DX - ACCUMULATOR i 
; SI - INDEX OF ARRAY.-.- 
MOV BL,OFFH 
CMP BL,OFFH 
JNE A4 } was 3 
XOR BL,BL 
MOV CX, COUNT 
DEC CX 
XOR SI, si 
MOV AX, “ARRAY[ST] | 
CMP AX > ARRAY[SI+2 ] 
JLE AZ 
XCHG  .... ARRAY[SI+2],AX 
MOV ARRAY[LST], AX ~ 
MOV BL,OFFH 
INC SI 
INC SI 
LOOP Az 
JMP Al 


APPENDIX 


Bubble Sort 


sREGISTER USAGE: 


38 bytes of code 
17 lines of code 
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-EXCHANGE=TRUE ? 


“Ss EXCHANGE=TRUE 


NO, FINISHED 


EXCHANGE=FALSE 
3CX=COUNT=1 


;SI,=0 


;ARRAY(I) 


ARRAY(I+1) ? 


;NO 


PEXCHANGE ELEMENTS 


sEXCHANGE=TRUE 


SIs SI+2 


O= FALSE) 


“DEC CX & LOOP IF CX=0 
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BENCHMARK: Bubble Sort 


PROCESSOR: 780 


Bytes 


WENr 


WN NHR 


OG RS mR me es SS RW WD WOW ED mS ms es sD WD 


O~ HH DWOAMDAPOWWWONON AH SD 


Cycles 


8 
14 
10 — 


—_ ™] — 


DONE: 


Py 
* we Wo we we we we 


NOEX: 


;REGIS 
; BC 
DE 
HL 
“HL 
IX. 
DE 


APPENDIX 


TER USAGE: 


- ACCUMULATOR 
= ACCUMULATOR 


- COUNT 
- ACCUMULATOR 


- ARRAY POINTER 
- TEMPORARY STORAGE 


FLAG,A 
-LX,PTR 
DE, 1 

FLAG,A 
Z, DONE 


~FLAG,A 
HL,COUNT-1 


62 bytes of code 
30 lines of code 
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;set FLAG bit 


;Load pointer to array 
s;Load decrement constant 


;Test FLAG 
;Done if zero 
;Reset FLAG 
sLoad COUNT 


sLoad data (I) 
sLoad data (I+1) 
;Save date in DE 
;Clear carry flag 
;Compare data 


;No ex if data(I) 
;Exchange 


;Set exchange flag 
sIncrement Pointer 


;Clear carry flag 
;Decrement COUNT 
;Jump if COUNT not 
;Another pass 


data(I+1) 


zero 
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Benchmark Report: 
Intel® iAPX 88 vs 
Motorola MC6809 


MC6809 is a registered trademark of Motorola Corporation. 
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Intel sales office. 
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INTRODUCTION 


This benchmark report compares the capabilities of 
Intel’s iAPX 88/10 microprocessor with those of the 
Motorola MC6809. The purpose of the report is to aid 
the user in his evaluation of the two processors, and to 
provide him with some of the information he ‘will need 
in making a knowledgeable decision regarding which 
processor best satisfies the requirements of his applica- 
tion. 


Because the. requirements can vary so greatly from one 
system to the next, no one program can adequately 
display the capabilities of each processor. For this 
reason, ten programs have been chosen to demonstrate 
the performance of the iAPX 88/10 and MC6809 in 
several areas. The benchmark programs cover some of 
the basic tasks which are relevant to many of the ap- 
plications for which these two processors might be con- 
sidered. These ten programs demonstrate the proces- 
sors’ capabilities in the areas of data manipulation, 
computation, and processor control. Each program was 
defined in such: a. way as to be relatively straight- 
forward, while still allowing the processors to use their 
instruction set efficiently in implementing the program. 


The benchmark programs were used to evaluate the 
iAPX 88/ 10 and MC6809 on the: basis of execution 
speed, memory ‘usage, and ease of programming (num- 
ber of lines of code). These’ factors were considered 
because they are often the key requirements ‘evaluated 
when | a ‘design decision is made. Execution speed i is a 
direct measure of how fast a processor will complete a 
task. ‘This can be the critical requirement for many real- 
time control or multi-user systems. Here, cost may not 
be the primary issue because a less expensive but slower 
system may be inadequate, régardless of the cost sav- 
ings. On the other hand, many systems do have critical 
cost requirements for which.it may make sense to sacri- 
fice some execution.speed in order to reduce costs. Fora 
memory intensive system, the cost can be reduced signi- 
ficantly by using less memory, or cheaper, lower speed 
memory. For this reason, coding efficiency and memory 
access time were examined to help evaluate price/ 
performance tradeoffs. Another factor, the ease of pro- 
gramming, is becoming more and more important as the 
cost of memory decreases and the size of the typical 
microconiputer ‘application rapidly grows. For many 
applications, software development costs have become 
greater than hardware development costs. This meatris 
that the total development costs of such’a project can be 
substantially reduced by using the processor which ac- 
complishes the most in the least number of lines of: code. 

To demonstrate performance i in this area, the processors 
have also been evaluated on the basis of the number of 
lines of code required for each program which has been 
defined as ‘‘ease of programming. ie 


The.benchmark programs in this report were , written. for 
the purpose of comparing the iAPX 88/10 and MC6809 
microprocessors. They should be used-only as a guide in 


21 


Operand Addressing Modes 


evaluating processor performance and are not an ab- 
solute measure of performance for all applications. The 
programs were written to perform the tasks in.a clear 
and straightforward manner. They do not necessarily 
show an optimized implementation of the task. The 
benchmark programs do, however, provide relevant in- 
formation and a consistent comparison which may be 
useful to the designer in choosing the microprocessor 
which delivers the best solution to the requirements of 


his design. 


PROCESSOR DESCRIPTION - 


A brief description of some of the key features of the 
iAPX 88 and MC6809 is included here and in Table 1. 


Table 1. Architectural Features 7 


1 megabyte | 64K bytes 


Feature 


aaa Addressability 


General Registers 
Number | 
Size (bits) 


Instruction Sizes (bytes) 


‘2or 1t* 
8 or 16** 
-1,2,3,4,5 


8 or B+4* . 
16 or.8, 16* 


1,2,3,4,5,6 


Yes 
Yes 
Yes | 
Yes 
“Yes 
No: 
No: 


. Yes 
“Yes° 
Yes 
Yes 


Register 
Immediate 
Direct Address 
- Register Indirect 
- Indexed or Based 
- Base + Indexed 
' Base + Displacement 
Index+ Displacement - -.-: 
- Base+ Indexed + pispacenent . 
Indexed Indirect 2 Bye 
Auto Increment/Decrement 


‘Data Types 

BCD Digits 
‘ASCII Digits 
Bytes - 
Words as 
Unsigned Integers 
Signed Integers | 


General Double Operand 
Operations | 
Reg with Reg to Reg 
Reg with Mem to Reg 
Reg with Mem to.Mem 
Reg with Imed to Reg 
Mem with Imed to Mem 
. Mem with Mem to Mem 


‘Interrupts | 
NMI. os be. 
Software Interrupts (#)  - 
Fast External Interrupts (#) 
Multi-Vectored Interrupts (#) 


Yes. 
Yes (256) 
No 
Yes (256) 


*The AX, BX, CX and DX registers can be used as four 16-bit registers, or as 
eight 8-bit registers. With the index and pointer registers, this sives eight 1 16-bit 
- ‘registers, or eight 8-bit and four 16-bit. registers. ° 


**The A and B registers can be used ‘as two 8-bit -registérs or as one 16-bit 
register. se 


AFN 01532A 


_APPENDIX 


The topics discussed are Architecture, Memory Timing, 
Instruction Sets, and Addressing Modes. For more com- 
plete descriptions, refér to Intel’s 8086. Family Users’ 
Manual and Motorola’s MC6809- Preliminary eh soa 
ming Manual or other related ter ature: 


iAPX 88 


The Intel 8088 (or 88/ 10) is the host processor of the 
iAPX 88 microcomputer system. The 88/10 is ‘an 
N-channel MOS microprocessor which currently has a 
maximum clock rate of 5 MHz. Internally the 88/10 is a 
microcoded 16-bit processor which multiplexes a 16-bit 
internal data bus onto an_.8-bit system data bus. for ex- 
ternal communication. The address space is one mega- 
byte which is, segmented.to support modular programm- 
ing. Except for the implementation of the Bus Interface 
Unit: the 88/10 is identical to the. Intel 86/10 
microprocessor. ogee 


The architecture of the 88/10 is divided into two 
separate processing units, the Bus Interface Unit. (BIU) 
and the Execution Unit (EU). These two units perform 
separate functions in parallel to maximize throughput. 


The EU contains the 16-bit arithmetic/logic unit (ALU) 
as well as the general registers and flags of the CPU. It is 
responsible for executing instructions, and communi- 
cates only: with the BIU. The BIU performs all ‘bus 
operations needed by the EU. It contains the segment 
registers, the instruction pointer, the bus. control logic 
and the instruction queue. Because the BIU operates in 
parallel with the EU, instruction fetches overlap instruc- 
tion execution. The result is efficient utilization of the 
system bus and transparent instruction prefetch. ’ 


The 88/10 contains three sets of four 16-bit registers, 
and nine one-bit flags. The four data group registers, 
AX, BX, CX and DX, as well as the four pointer and in- 
dex registers, SP, BP, SI and DI, are all 16-bits wide and 
can be used as source and destination in most arithmetic 
and logic operations. All eight of these general.registers 
function as accumulators for many instructions... The 
data group registers, AX, BX, CX.and DX can also: be 
used as eight 8-bit accumulators for byte operations. 
The pointer and index registers also serve as address 
registers in addition to their general register functions. 
The °SI and DI ‘registers function-.as the source and 
destination pointers for the string operations. The Stack 
Pointer register (SP) is used in stack operations, and the 
BP register is a base pointer for stack relative Based Ad- 
dressing modes frequently used in high level language 
programming. The four 16-bit segment registers, ‘CS, 
DS, SS and ES,-provide, memory’ segmentation expand- 
ing the address space. to one megabyte. 


The iAPX 88 ‘uses a four-clock basic bus cycle. The 1 nor- 
mal memory access time is 460 nsec. To use memories 
slower than this, wait states of.200 nsec can be added. 
Using one wait state produces a memory..access time:-of 
660 nsec. 
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The iAPX 88/10 instruction set operates on: bits; BCD 
digits, ASCII digits, 8-bit bytes, 16-bit words, _and 
signed or unsigned integers. Many of the. two ‘operand 
instructions allow both operands to reside i in registers, 
or one ina register and one in memory, The order of the 
operands i iS interchangeable, and the location. of either 
source operand may serve as the destination. ‘for 1 the 
result. The arithmetic instructions include 8- or 16-bit 
Add, Subtract, Multiply, Divide and Compare of signed 
or unsigned integer values. The iAPX 88 instructions 
are identical to those of the iAPX 86 providing ome 
software compatibility. 


Twenty-four addressing modes are available to directly 


or indirectly access data and operands, These modes 
allow from one to four component addressing using 
combinations of segment, base, and. index registers, 
and/or 8- or 16- bit displacements. The string instruc- 
tions. provide. auto increment. and auto decrement ad- 
dressing, memory to memory operations, and have. an 
optional repeat. prefix. 


The iAPX 88 in the minimum caste sapeout the hold/ 
hold acknowledge protocol to enable bus control to be 
transferred to another bus master such as:a DMA con- 
troller. It can also be configured i in the maximum mode 
with two request/ grant lines, each of which can support 
multiple bus masters for coprocessor designs using the 
8087 Numeric Data Processor and/ or the 8089 I/ O 
Processor GAPX. 88/20, iAPX 88/21, iAPX. 88/ 11). 

Eyen though , not. considered on. these benchmarks, ‘the 


8087 GAPX. 88/20) uniquely | enhances the iAPX 88/ 10 
(86/10) capabilities with 68 additional instructions, in- 


cluding 64-bit floating point and transcendental func- 
tions, eight 80-bit stack oriented registers ‘and seven ad- 
ditional numeric. data. types. 


The:iAPX 88 provides noumaskable stidare (itera 
interrupts:and maskable or nonmaskable hardware (ex- 
ternal) interrupts. The interrupt structure supports up to 
256 different interrupt typés using’ an-interrupt vector 
table located in memory. For more information regard- 
ing sag see’ your local me oes coe a3 


. ee, Ree ‘ is ean 
MCE809 1 Re acts Mik En ataghe 


The Motorola MC6809 is an N-channel random logic 
MOS microprocessor which i is available at 1. 0 MHz, 1.5 
MHz or 2.0 MHz clock rates. The MC6809 can address 
up to 64 kbytes of memory. The. A and B. registers are 
two 8-bit accumulators which may. be ‘concatenated into 
a single 16- bit accumulator, | the. D register. There are 
four pointer. registers: mY, U and Ss. All are 16-bits 
wide and function primarily | as base’ registers for 
memory addressing. The U and S registers are also used 
for manipulating the hardware and user stacks. The 
16-bit program counter (PC) points to the address of the 
next instruction,.and can also be operated on'for control 
transfer. The8-bit-Direct Page Register (DPR) is used to 
contain the upper eight address bits for some addressing 
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modes. The processor..flags are contained in the 8- me 
condition. Code Register (CCR). 


The basic bus cycle of the MC6809 is a single, 500 nsec 
clock’ cycle for the ' 2. 0 MHz version. The normal 
memory access time ‘is 320 nsec. To: ‘accommodate 
slower memories, 125 nsec wait’ ‘states can be added: Ad- 
ding one wait’ state extends the memory. ACCESS time to 
445 nsec. 


Although the instruction set: of the MC6809 Spee 
predominantly on 8-bit data, there are a. few. bit opera- 
tions, two BCD adjusts, and eight instructions with 
16-bit operands. Most two operand: instructions require 
one operand to be in a register, and the other operand to 
reside in memory, with the result going to the register. 
Two operand instructions such as Add or Compare can- 
not be done from register to register. The exceptions to 
this are the Multiply, Transfer Exchange, and Sign Ex- 
tend instructions, for which both source operands and 
the’ destination operand must be i in registers. The arith- 
metic instructions include 8-bit unsigned integer Multip- 
ly’ and 8- or 16-bit ‘Add, Subtract and ‘Compare. Other 
16-bit. instructions ‘include Load, Store, Exchange, 
Transfer, and Sign Extend. | 


For stack manipulation, a single Push or Pull instruc- 
tion allows any combination of registers to be placed on 
or removed from either of the two stacks. There are’also 
19 branch instructions, in long (16-bit offset) or’short 
(8-bit offset) forms. 


The MC6809 supports . 13 different digeene saedes: 
Included in these modes. are 5. forms of indexed address- 
ing, including indexed. Auto Increment and Auto Decre- 
ment modes. which are useful for string operations. 
Relative addressing for Branch instructions use one- or 
two-byte offsets as a pointer to a data location... . 

The MC6809 provides maskable ‘arid nonmaskable 
hardware interrupts, as well as three software inter- 
rupts. There are two maskable hardware interrupts, 


FIRQ and IRQ. The FIRQ (Fast Interrupt Request) 
. pushes only: the Condition Code and Program Counter * 


registers... The IRQ automatically pushes all: of the 

MC6809 registers (except the SP) onto the stack. Each 
'MC6809 interrupt has a fixed vector address, fetching 

its service routine address from a predefined memory 

location. For more information regarding hardware and 
_ software interrupts see your local Intel office. 


PROGRAM DESCRIPTIONS 


The ten benchmark programs were chosen to demon- 
strate the capabilities of the iAPX 88/10'-and the 
-MC6809 in the areas of data manipulation, computa- 
tion, and processor control. The basic algorithms for 
_ several of the programs (Block Move, Character Search, 
Word Shift, Vector Add, and 16-Bit Multiply) are 


similar to the algorithms of benchmark programs in 


Motorola’s MC6809 Preliminary -Programming 


Manual. All iAPX 88 code has been assembled and run... 
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1. Computer Graphics .. ee 
The ‘Coniputer Griphi program eae ihe: x Cand: Y 


!pairs that make up a graphics ‘display. The 16-bit X and 


Y pairs are offset by constant values.(X0O and YO), then 
multiplied by a fractional scale factor to.obtain the 
scaled XY pairs. There are 16, 384 pairs. ‘This program 
demonstrates 16- bit computational capability. ans 


2.: 16-Bit Multiply. - Sg in eae 

The. 16-Bit. Multiply program paca two , 16-bit maabes 
from memory, multiplies them and returns ‘the: 32-bit 
product and the‘two multiplicands to memory. sana 
demonstrates 16-bit i aaa ere . 


3. Vector Add 


The 16- -Bit ‘Vector Add performs an element-by-element 
add of two twenty-element. vectors. Vector add demon- 
strates, 16- -bit. computation and string, processing capa- 


bilities.” 


fd 


4. Block Move 


The Block Move program reads the block sean 
source, and destination from memory. The block:length 
was chosen to be 126 bytes. The data is moved from the 
source ‘to the. _ destination using “word moves. Block 
Move demonstrates data manipulation | and auto incre- 
ment addressing. - 


5.. Block Translaie . ae ieee 

The ' Block ‘Translate program translates: a memory 
block containing: EBCDIC -characters ‘to ASCH and 
stores the ASCII characters in another memory block. 
The translation is done ‘using an EBCDIC ‘to “ASCII 
translation table, and the block length is 125 bytes. This 
demonstrates data manipulation, auto: increment ad- 
dressing, and the use of a lookup table. ; 


‘ “% 
pele 


6. ‘Character Search 


The Character Search program searches a table of 
known length for a specific character. If that character 


. ..is.found,-.its address-is returned. If it is not found, zero 
_ is returned. This program demonstrates data com- 


parison and auto increment addressing. __ 


7. Word Shift 

The Word Shift program reads a 16- bit oor from 
memory, and shifts it N places to the right. (N is chosen 
to be five.). Zeros rotate in on the left. The result is 
stored in memory. This demonstrates manipulation of 
16-bit data. 


8. Reentrant Call 

The Reentrant Call program passes three parameters to 
the called procedure. One is. pushed from a general 
register, the other two are: pushed from memory. The 
procedure is called, the state of the processor is pushed 
onto the stack, and local storage is set Up. The pro- 


result in local. storage. The procedure i is then exited and 


‘the state of the processor is restored. 
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This program demonstrates the processor’s call and re- 
entrant. procedures and its ability to pass variables to a 
called procedure. Support of these features is essential 
for structured programming. 


9, Interrupt Response 


I. Single-Vectored Interrupt | 

The Single-Vectored Interrupt pushes all the processor 
registers (except the Stack Pointer) onto the stack, and 
jumps to a service routine. All. registers are restored 
before returning. The time also-includes the length of 
time. the processor requires to execute the longest 
instruction before recognizing the interrupt, 


II. Multi-Vectored Interrupt 

The Multi-Vectored Interrupt stacks only the Instruc- 
tion Pointer/Program Counter and Flags/ Condition 
Code registers. The processor must determine which of 
eight possible devices initiated the interrupt request, and 
jump to the corresponding service routine. The return 
time is also included. 


RESULTS. 

The results of this study are e presented i in terms of execu- 
tion speed, memory usage, and ease of programming. 
To be relevant to applications where speed is the crucial 
factor, the processors are first compared at their highest 
performance, with no wait states. Then for the cases 
where memory cost is an issue, comparisons are made 
for execution speed with (nearly) equal memory access 
times, and for coding efficiency. The processors are also 
compared on the ease of programming (number of lines 
of code).:.which can be an important factor in the 
development costs of a project. 


The zero wait state execution speed of the iAPX 88/10 is 
compared to that of the MC6809 in Table 2. For each 
program, the execution time is given in terms of Ab- 


Table 2. Execution Times (5 MHz 88/10 vs 2 MHz 6809) 
| Absolute Time | 
MC6809 


Benchmark Programs iAPX 88/10 


Computer Graphics 2.32 sec 
16-Bit Multiply | 40.8 us 
Vector Add ve 295.0 us 
Block Move 328.0 us 

~ Block Translate . 1507.0 
Character Search 136.0 
Word Shift 13.0 

— Reentrant Call 87.6 
Single-Vectored Interrupt Lo 102.6 
-Multi-Vectored Interrupt 24.6 


Average Normalized Execution Time* 
. Adjusted Average Normalized Execution Time** 


solute Time and Normalized Time for each processor. 
The Normalized Time is the Absolute Time required by 
the processor for that benchmark divided by. the Ab- 
solute Time of the iAPX 88/10 for that benchmark. The 
Average.Normalized Time. was computed by adding the 


Normalized Times and dividing by the total number of 


benchmarks (10). The Adjusted Average Normalized 
Time is calculated in the same manner as the Average 
Normalized Time, except that the highest and the lowest 
numbers were eliminated from this average. This was 
done because the Average Normalized Time was greatly 
affected by the Computer Graphics benchmark. This 
method is used when computing aNET ARES for other 
categories as well. 


The execution speed comparison made in Table 2 shows 
that the iAPX 88/10 performed faster for eight of the 
ten benchmarks. The MC6809’s Average Normalized 
Time of 3.65 says that it required 265% more time than 
the iAPX 88/10. The Adjusted Average Normalized 
Time (1.86), which eliminated the Computer Graphics 
and Single-Vectored Interrupt benchmarks, shows that 
the MC6809 is 86% slower, or requires 86% more time, 
than the iAPX 88/10 to complete these benchmarks. 


For applications where the cost of memory is a critical 
factor, both the speed of memory, and the amount of 
memory must be considered. By speed of memory, we 
are referring to the memory access time, which is a ma- 
jor factor in the price of memory. Because the memory 
access time of the iAPX 88 is 460 nsec with no wait 
states, one wait state is added to the MC6809. This gives 
a 445 nsec memory access time, which is still less than 
the 460 nsec zero wait state time of the iAPX 88. A com- 
parison of the execution speeds of the two processors 
for this case is made in Table 3 (Execution Times With 
**Equal’? Memory Access Times), showing that the 
iAPX 88/10 was again faster than the MC6809 for eight 


Normalized Time.. 
iAPX 88/10 - MC6809 


49.7 sec. 

» 82.0 us 
325.0 us 
674.0 us 
2687.0 us 
284.0 us 
44.5 us 
76.5 us 
25.5 us 
45.5. us 


| el coe ce ce cee ce one coe oe ce 


*The Average Normalized Time is the sum of the processor’s normalized times for all programs divided by the number of programs (10). 
**The Adjusted Average Normalized Execution Time is the average of the normalized times, excluding the highest and lowest normalized times. 
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aighe - Execution Times with “Equal” Memory: aca Times. 5 MHz 88/10 vs 2 MHz 6809) » 


ie ree 


“Absolute Time., 


-VIAPX 88/10 
2.32 sec: 


Benchmark: rogram a 
~* Compiater Graphics” 
16-Bit Multiply | 40.8 us © 
“Vector Add 295.0 us 
Block Move EE B98 O us 
Block Translate 1507.0 
Character Search 136.0 
Word Shift ee Co any 
Reentrant Call.) «0+ 87.6 
" ) Gingle-Vectored Interrupt « ~:.. 102.6 wu 
Multi-Vectored Interrupt _* ~ 24.6 — 


Average Normalized Execution Time** 
| Adjusted Average Normalized Execution Time** 


*Times for the MC6809 include one wait state on Memory accesses. 
**See note, Table 2, for description of average calculations. 


of the ten programs. The MC6809’s Average Normal- 
ized ‘Time of 4.17 greatly reflects (as it did in Table 2) 
the fact that the iAPX 88/10 outperformed the MC6809 
by a large margin (more than 24 to 1) in the Computer 


Graphics benchmark. The Adjusted Average Normal- 


ized Time of 2.10 indicates that, after eliminating the 
Computer Graphics and Single-Vectored Interrupt, the 
iAPX 88/10 was more than twice as fast as the MC6809. 


Table 4 compares the performance of the iAPX 88 and 
the MC6809 in terms of memory use, or coding efficien- 


cy: The results in this table show that the iAPX’88 used | 
less code for nine of the ten programs. The two pro- | 


ae 


ae wes oe . Table 4. Memory Utilization (Bytes)' 
eS | es Bytes of Code . 


Benchmark Program eee ae 88/10 | 


Computer. Graphics 
16-Bit Multiply 
Vector Add | 
Block Move 

Block Translate 


Character Search” 
Word Shift 


Reentrant Call 
~ Single-Vectored Interrupt - 
a Multi-Vectored Interritpt 


Fae 


Average Normalized Number of Byes of Code* 
Adjusted Average Normalized Number of Bytes of Code* 


*See note, Table 2, for description of average calculations. 


— Time. 


iMcés09°. a | mc sao 


a ied erate 
i Sead 


wee 


369. 0 us 
"7163.0 ug © 
3016.0 us 
324, 0 us 
49. Tus: 
“B41 us 
30.ruus yo: 
~—§5.3us, 


grams in which the largest performance differences oc- 
curred were the interrupt response benchmarks. The. 
MC6809 won on the Single-Vectored Interrupt, largely 
due to the use of its IRQ interrupt which ‘automatically 


_ stacks ‘all the MC6809”s registers. The iAPX 88/10 per- 


formed better for.the Multi-Vectored: Interrupt because 
its interrupt response requires no extra code to accom- 
modate multiple interrupt vectors. For the other pro- 
grams, the iAPX 88 provides significant advantages due 
to its string instructions and its efficient handling of 
16-bit quantities. The Adjusted Average Normalized 


‘Number of Bytes shows the iAPX°88 with better than” ai 
‘2 to 1 advantage over the MC6809 in coding Siceney: 


fob Ty ELS ot tha 


| Normalized Bytes Se ae 
_Mgga09 iAPX 88/10" MC6809.. 


ae : 
a pam 
fe ak rg ee ron epi 
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In Table 5 the iAPX 88 and the MC6809 are compared .. 


for ‘‘Ease of Programming’’ by counting the number of 
lines of code required for each benchmark. The iAPX 
88 used “a smaller number of lines of code than’ the 
‘MC6809 for eight of the ten programs. As in coding ef- 
‘ficiency, the greatest differences occurred in the two in- 
terrupt response benchmarks, with the MC6809 again 
having an advantage in the Single-Vectored Interrupt, 


and the iAPX 88/10 using fewer.instructions in the 


-Multi-Vectored Interrupt. For the other programs, the 
— j{APX 88's use of string instructions, and its ability to 


handle 8-bit or 16-bit data allowed the algorithms to be 
implemented in fewer lines of code. The Adjusted 
Average Normalized Lines of Code was 2.67. showing 
that the iAPX 88 used less lines of code than the 
MC6809 by.a factor of more than 2.6to1l. 


Table 5. Ease of Programming 


Lines of Code 


Benchmark Program | iAPX 88/10 


Computer Graphics 
- 16-Bit Multiply 
~ Vector Add 
Block Move 
Block Translate 
Character Search 
Word Shift 
Reentrant Call 
- Single-Vectored Interrupt . 
Multi-Vectored Interrupt © ce 


Average. Normalized Number of ae of Code* 
Adjusted Average Normalized Number of Lines. of Code* 


*See note, Table 2, for description of average calculations. 


iAPX 88/10 JAPX 88/10 


6809" 
' - ADJUSTED 6809 
AVERAGE... _ADJUSTED 


(EXECUTION TIME) 


6809 
AVERAGE 


6809 
AVERAGE 


NORMALIZED AVERAGE THROUGHPUT 


SPEED WITH EQUAL MEMORY 
ACCESS TIME. 


HIGHEST SPEED 


Graph I. Normalized Average Throughput: 
5 MHz iAPX 88/10 vs 2 MHz 6809 


AVERAGE» 
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NORMALIZED AVERAGE 


Normalized Lines 


MC6809 iAPX 88/10 MC6809 


1 
1 
1 
wv 
1 
] 
] 
1 
ms | 
P| 


6809 
AVERAGE 
AVERAGE , - 280 
ADJUSTED 
. AVERAGE _ 
6809 
ADJUSTED 
AVERAGE 


iAPX 88 


BYTES OF CODE 


LINES OF CODE 


Graph Il. Normalized Average Memory Use and Lines 
of Code: iAPX 88/10 vs 6809 
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CONCLUSION 
The results of this benchmark study show that for the 


programs used, the Intel iAP-X 88/10 significantly out-. _ 


performed the Motorola MC6809. In absolute execution 
speed, the iAPX 88/10 proved to be 86% faster than the 
MC6809 (using the Adjusted Average). When compared 
at equal memory access times, the iAPX 88/10 outper- 
formed the MC6809 by 110%. On the basis of coding 
efficiency, the iAPX 88/10 generated less than half as 
much object code as the MC6809. In the Ease of Pro- 
gramming category, the results showed that the MC6809 
required more than 2.6 times the number of lines of 
code required by the iAPX 88/10. These results are 
summarized in the table below. =—=s_—| 


Table 6. Performance Breakdown 


Performance Category 


Execution Speed 


Performance Ratio of 
iAPX 88 to MC6809 


iAPX 88/10 is 1.86X 


(Fastest) faster 
Execution Speed* iAPX 88/10 is 2.10X 
faster 


iAPX 88/10 is 1.47X 
more efficient 


iAPX 88/10 is 2.67X 
more efficient 


Coding Efficiency 


Ease of Programming | 


*With equal speed memory 


The iAPX 88 is the highest performance 8-bit micro- 
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processor in the market today. The already superior per- 
formance of the iAPX 88 will be increased by 60% when 
the 8°-MHz version is available‘in 1981. This, together 
with the upgrade path to other object code compatible 
processor series in the Microsystem 80 product line 
(iAPX 86, iAPX 188, 186 and iAPX 286, 288), and the 
unequalled hardware and software support, makes it 
clear that Intel delivers the best solution to the many ap- 
plications which require a powerful 8-bit microproc- 
essor. 
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APPENDIX | ae 
©. BENCHMARK PROGRAM CODE, AND FLOWCHARTS* 


ky eens 


STORE P1 
STORE P2 


Figure 1. 16-Bit Multiply Flowchart 


*This appendix contains the code and flowcharts for three of the benchmark programs (16-Bit Multiply, Block Move, 
and Character Search). For the code and flowcharts for all benchmark programs contact your local Intel sales office. 
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BENCHMARK: 16-Bit Multiply 


PROCESSOR: Intel iAPX 88 
sREGISTER USAGE: 
; AX- ACCUMULATOR - 
; DX- ACCUMULATOR 


Bytes Cycles 


3 18 MOv AX, Ml ;Read operand 
4 137, MUL. M2 | 3 A*B 

3.0. 19 MOV P1,AX ;Store LSB 

4 ao ~~ MOV P2,DX ° ;Store MSB 


14 bytes of code 
4 lines of code 
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BENCHMARK : 


PROCESSOR: 


Bytes Cycles 


Re awn KR MB M 


NM MR MRE NRE KM MW 


NNR HMM MRE M MRE MW = NM MN 


ad 


— 


OnNHPAHPAWA™N HSH LPO HDWAn™sN— OL NAS nnn a WO Ww 


— 


— 


ABI 


ABZ 


16-Bit Multiply 
Motorola 6809 


LDX 
LDY 
LDU 


CLR 
CLR 
LDA 
LDB 
MUL 
STD 


LDA 
LDB 
MUL 
ADDD 
STD 
BCC 
INC 


LDA 
LDB 
MUL 
ADDD 
STD 
BCC 
INC 
LDA 
LDB 
MUL 
ADDD 
STD 


APPENDIX 


sREGISTER USAGE: 
D -. ACCUMULATOR — 

X - OPERAND- POINTER 
Y - OPERAND POINTER 
U - PRODUCT POINTER 


> 


— © Ns 
w 
-< >< Cc —. Cc ~< >< c 


oO — 
ww 


cc << Cn Cc 


:Pointer to multiplicand A(MS Byte) - 
;sPointer to multiplicand B(MS: Byte) 


;Pointer to product 


_ 3 CLR. MO 
sCLR Ml 


56 bytes of code 
28 lines of code 
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s;Read LS byte of A (AL) 
sRead LS byte of B (BL) 
sAL*BL 

sStore in M3:M2 


;Read MS byte of A (AH) 
;sRead LS byte of B (BL) 
3AH*BL 

sAH*BL + MS byte from AL*BL 
s;Store in M2:Ml 

3Skip INC if no carry 

3;Add carry to MO 


sRead LS byte of A (AL) 
;Read LS byte of B (BH) 
3;AL*BH 

sAL*BH+ M2:M1 

sStore in M2:M1 

;Skip INC if no carry 
sAdd carry to MO 

3;Read AH 

sRead BH 


_3AH*BH 


;AH*BH +M1 + carries 
;Store in M1:M0 
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INITIALIZE SOURCE 
AND DESTINATION 
_ POINTERS 


- | INITIALIZE BLOCK 
/- LENGTH 


ADJUST BLOCK 
"LENGTH 


MOVE WORD 
LENGTH = 
LENGTH —1 


Figure 2. Block Move Flowchart 
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BENCHMARK: Block Move 
PROCESSOR: Intel iAPX 88 
sREGISTER USAGE: 
: CX - BLOCK LENGTH 
; SI - SOURCE POINTER 
: DI - DESTINATION POINTER 
Bytes Cycles | 
CLD ;Clear direction flag. 


] 2 

3 4 MOV SI, FROM - 3Initialize Source Pointer 

3 4 MOV DI,TO .  .. sInitialize Destination Pointer 
3 4 MOV CX,LNGTH ~ sInitialize Block Length 

] 2 INC CX ER gO & 

2 2 SHR CX,1 | “ sAdjust LNGTH for word moves 

2 9+25/ 


REP MOvS TO, FROM | ;sMove Block 


15 bytes of code 
7 lines of code 
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BENCHMARK : 


PROCESSOR: 


Block Move 


Motorola 6809 


Bytes Cycles 


Ro et BRO eS BH OR we et ot BO YH WH DP 


4 


WM WH DW ONRNMN WN WW 


SHIFT 
MOVE 


_LDY 
LDU 
' LDD 


INCB 
BNC 
INCA 


~LSRA 


RORB 
LDX 


,STX --: 
DECB 
BNE - 
~ DECA 
_ BNE 


APPENDIX 


sREGISTER USAGE 


: D - Block Length 
X - Temporary Storage 
: Y - Source Pointer 
; U - Destination Pointer 
#FROM ~~‘ sInitialize Source Pointer 
#70  " sInitialize Destination Pointer 
#LENGTH ==°”——s s Initialize Block Length 
SHIFT = =~ ~~. :~«$Add one to avoid losing a 
3 byte if LENGTH is odd 
— $Adjust LENGTH for word 
“~~ moves 
> ¥++ _'»  3Read word 
~ gU++ -. *« gStore word .. 
7 ae ;LS. Count. 
MOVE tate ciel es bs 2 
| _3MS Count 
MOVE | : 


26 bytes of code 
14 lines of code 
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INPUT SRCH CHAR 
FROM MEMORY 
X=TBLPTR 


- Y=TBL LENGTH 


CHAR(X) = 


Figure 3. Character Search Flowchart 
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BENCHMARK: Character Search 
PROCESSOR: Intel iAPX 88 

sREGISTER USAGE: |. : 

: AL - ACCUMULATOR 

5 “CX - COUNT. - 

: DI - TABLE POINTER 
Bytes Cycles 


LEA... DI,PTR ~~‘ sInitialize Table Pointer 


4 6 

2 4 MOv —— AL, CHAR ssearch character 

3 4 MOV = OCX,40 tie sInitialize count | 

] 2 CLD ee a, ;Clear direction flag 

2 9+15/ REPNE SCAS - PTR | ;Search .- 

2 16/4 — JZ “PASTPTR — sJump if found | | 
3 4 MOV DI,1 a sNot found:DI will return 0- 
1 2 PASTPTR:DEC DI 3;Adjust DI 


18 bytes of code 
8 lines of code 


35. AFN 01532A 


APPENDIX. 
BENCHMARK: Character Search Be dupe, seas tae ts 
PROCESSOR: Motorola 6809 
sREGISTER USAGE: 
; A - ACCUMULA TR : 
; B= -COUNT::: 
: X - TABLE’ POINTER 


Bytes Cycles 


3 3 41DX #PTR sInitialize Table Pointer 

2 2 LDA rCuaR ;Search character 

2 2 << LDB -:-:. ale oe sInitialize count : 

2 6 AGAIN CMPA.-. Xe te oe -Compare, ano ACRerEKE 

2 3 BEQ:  : PASTPTR- : ;Jump if found a 

] Z DECB ;Decrement count 

2 3 BNE AGAIN. ;Do again unless B50 | 

3 3 LDX #1 ee ;Not nOdnds X wih return 0 
2 5 | 


a a 


PASTPTR: LEAX. es (eee ae ee “Adjust X. 


19 bytes of code 
9 lines of code 
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intel 


PRELIMINARY 


iAPX 88/10 
(8088) 
8-BIT HMOS MICROPROCESSOR 


a 8-Bit Data Bus Interface 
= 16-Bit Internal Architecture 


a Direct Addressing Capatilty to 1 i 
of Memory 


= Direct Software Compatibility with 
iAPX 86/10 (8086 CPU) 


= 14-Word by 16-Bit Register Set with 
Symmetrical Operations 


I 24 Operand Addressing Modes 


-o Byte, Word, and Block Operations 


a 8-Bit and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal, - 
_ Including Multiply and Divide 


= Compatible with 8155-2, 8755A-2 and 
8185-2 Multiplexed Peripherals ae 


The Intel® iAPX 88/10 is a new generation, high performance. microprocessor + implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged ina 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with. iAPX 86/10 software and 8080/8085 hardware.and peripherals. 


MEMORY INTERFACE 


INSTRUCTION 
STREAM BYTE . 


Bus 
INTERFACE 

"UNIT : 

EXECUTION UNIT 
CONTROL 

_ SYSTEM. 


ARITHMETIC/ 
LOGIC UNIT 


EXECUTION © 
~ UNIT 


-Figure 1. iAPX 88/10 CPU Functional Block Diagram 


MIN ie 
MODE |MODE 
GND Vec 
A14 A15 
A13 A16/S3 
Al2. A17/S4 
AM A18/S5 
A110: A19/S6 
Ag. $50 (HIGH) 
AB: MNIMX 
AD? . RD 
AD6 HOLD (RG/IGTO) | 
"ADS HLDA = (Ra/GT1) 
AD4 "' WR (LOCK) 
AD3 10/Mi ($2) 
Ab2 DT/R ($1) 
AD1 BEN (S0) 
ADO ALE (QS0) 
NMI ~ INTA (QS1) 
INTR TEST 
CLK READY 
RESET 


GND. 


Figure 2. iAPX 88/10 Pin Configuration 
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Table 1.. Pin Description 


The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The “local bus” 
these descriptions is the direct eels aa bus interface: connection to the 8088 emuiee regard to additional a 
buffers). Bs Ge ee be | j ex 


Name and Function — 


Address Data Bun These lines constitute the fine multiplexed memory/lO 

_ | address (T1) and data (T2, T3, Tw, and T4):bus. These lines are active HIGH and 
float to 3-state OFF pune pti il a et and local pus “nod acknowl- 
/edge”’. : 


Address Bus:, These lines provide address bits 8 through 15 for the entire bis 
cycle: (T1-T4). These lines do not have tobe, latched by ALE to remain valid. - 
A15-A8 are active HIGH and float to 3-state’ OFF uring interrupt acknowledge i 
_and local bus “hold acknowledge”. 


A19/S6, ABS, 84-38...) 0. | Address/Status: During T1, these are the-four. 
A17/S4, A16/S8 °°} most significant address lines for memory op-.-..- 
erations. During I/O operations, these lines are 
LOW. During memory and I/O operations, status 
“l'information is avdilable on these lines during © - . 
|. T2,T3, Tw, and T4. S6is alwayslow. Thestatusof : | si |ss | ciianactenisrics_| 
the interrupt enable flag bit (S5) is updated at | s+ HE Aiterste Osta 
the beginning of each clock cycle. S4 and S3 are nn cove oer 
encoded as shown. |. ioe S6 is 0 (LOW) 


This information indicates which segment reg- 
ister is presently being used for data accessing. 


These lines float to 3-state OFF during local bus 
“hold acknowledge’”’. 


Read: Read strobe indicates that the processor is performing a memory or I/O 
read cycle, depending on:the'state. of the 10/M pin'or'S2. This signal is used to 
read devices which reside on the 8088 local bus. RD is active LOW during T2, T3 
and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 8088 
local bus has floated. 


This signal floats to 3-state OFF in “hold leeiciae: 


READY: isthe acknowledgement from the addressed memory.or I/O device that 
_it will complete the data transfer. The RDY signal from memory or /0 is syn- 
_chronized by the 8284 clock generator to form READY. This signal is active 

HIGH. The 8088 READY input is not synchronized. Correct operation is not 
guaranteed if the set up and hold times are not met. | 


Interrupt Request: is a level triggered input which is sampled during the last 
clock cycle of each instruction to determine if the processor should enter into an 
interrupt acknowledgé operation: A subroutine is vectored: to via an interrupt 
vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is ts synchronized. This 
signal is active HIGH. 


TEST: input is examined by the’ “wait for test” neruction: If the TEST input is 
LOW, execution continues, otherwise the Processor waits in an “idle” state. This 
input is synchronized internally during each clock cycle on the leading edge of 
CLK: = 


Non-Maskable interrupe: is an sdoe triggered input which causes a type 2 
interrupt. Asubroutine is vectored to via an interrupt vector lookup table located 
in system memory. NMI is not maskable internally by software. A transition from 
a LOW to HIGH initiates the interrupt at the end of the current instruction. This 
input.is internally synchronized. Oe 
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Table 1.. Pin Description (Continued) 


Name.and Function 


‘RESET: causes the} processor to immediately terminate its echt activity. The | 
signal must be active HIGH for at least four clock cycles. It restarts execution, as 
' described in the instruction set ere when RESET returns LOW. RESET 
_is-internally, synchronized. . : 


Clock: provides: the: basic timing. for: the: processor and bus controller. It is 


asymmetric: with a 33% duty cycle: to provide optimized internal timing. 
Voc: is the. +5V. +10% power supply pin. 
- GND: are:the ground pins. . 


“Minimum/Maximum: indicates what. mode’ the processor is to operate in. The 
two modes are discussed in the foliowing sections. 


The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vcc). Only the pin functions which 
are unique to minimum mode are described; all-other pin functions are as described above. 


1 Status. Line: is an inverted. maximum. mode §2. It is used to distinguish a 
memory access from an I/O access. |O/M becomes valid in the T4 preceding a 
bus cycle and remains valid until the-final T4 of the cycle (O= HIGH, M= LOW). 

|. |O/M floats: to:3-state OFF in’ ‘local bus “hold acknowledge’: . 


Des . Write: - strobe indicatesthat the processor is performing a write memory or write 

a Iie) cycle, depending on the state of the 1o/M signal. WR is active for T2, T3, and 

“Tw of any. write cycle. Iti is active LOW, and floats to 3-state OFF in local bus “hold 
acknowledge”. 


INTA: is used as.aread strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 


Address Latch. Enable: is provided by the processor to latch the address into 
the 8282/8283 ‘address latch. Itis a HIGH pulse active aunng clock low of T1 of 
any” bus cycle. Note that ALE is never floated. 


-- Data Transmit/Receive: is:needed in a minimum system that desires to use an 
8286/8287 data bus transceiver.-it:is used to control the direction of data flow 
through the transceiver. Logically, DT/R is: equivalent to $1 in the maximum 
modé, and. its timing is the same as for 1O0/M (T=HIGH, R=LOW). This signal 

h floats to 3-state OFF in local “hold acknowledge”. | 


Data Enable: is provided. as an output enable for the 8286/8287 in a minimum 


system which uses the transceiver. DEN is active LOW during each memory and 
/O access, and for INTA cycles. Fora read or INTA cycle, it is active from the 
middle of T2 until the middle of T4, while for a write cycle, it is active from the 
: beginning of T2 until the middle of 14. DEN floats to 3-state OFF during local bus 


Cea 


. “hold acknowledge”. 


HOLD, HLDA HOLD: indicates that another. master is requesting a local bus ‘hold’. To be 
_acknowledged,.HOLD must be active HIGH. The processor receiving the ‘‘hold’’ 
_request-will issue HLDA (HIGH) as an acknowledgement, in'the middle of a T4 or 
TI clock cycle. Simultaneous with the issuance of HLDA the processor will float 
» the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it 
will again drive the logal bus and control lines. © 


Hold is not an asynchronous input. External synchronization should be 
: provided if thie system cannot otherwise guarantee the set up time. 


Status line:. 4s logically. equivalent to 50 i in the 
maximum mode. The combination of SSO, lO/M Bao ‘Interrupt Acknowledge 


Read 0 port 


and DT/R allows the system to completely de- write UO por 
code the current bus cycle status. auow Coe ee 


0 Write memory 
0 Passive 
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The following pin finetion descriptions are for the 8088, 8228 system in maximum mode (i.e., MN/MX= GND.) Only the pin 
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Table 1. Pin Description (Continued) 


functions which are unique to maximum mode are described; all other pin functions are as described above. 


S2, S1, SO | 26-28 


-Name and Function 


Status: is active during clock high of T4, T1, 


-and T2, and is returned to the passive state 


(1,1,1) during T3 or. during Tw when READY is 
HIGH. This status is used by the 8288 bus con- 
troller to generate all memory and V/O access 
control signals. Any change by S2, $1, or SO 
during T4 is used to indicate the beginning ofa | ° interrupt Acknowledge 


Read tr 


bus cycle, and the return to the passive state in : wane vO )pen 
T3 or Tw is used to indicate the end of a bus : aged eae? 


Write memory 


cyc | e. Passive 


These signals float to 3-state OFF during “hold 
acknowledge”. During the first clock cycle after . 
_ RESET becomes active, these signals are active 

HIGH. After this first clock, they float to 3-state 
OFF. 


Request/Grant: pins are used by other local bus masters to force the processor 


to release the local bus at the end of the processor’s current bus bus cycle. Each pin 


' - is bidirectional with RQ/GTO having higher priority than RQ/GT1. RO/GT has an 


internal pull-up resistor, so may be left unconnected. The request/grant se- 
quence is as follows (See Figure 8): 


1. Apulse of one CLK wide from another local bus master indicates a local bus 
request (‘‘hold”’) to the 8088 (pulse 1). 


. During a T4 or TI clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local bus 
to float and that it will enter the “hold acknowledge” state at the next CLK. 
The CPU’s bus interface unit is disconnected logically from the local bus 
during “hold acknowledge”. The same-rules as for HOLD/HOLDA apply as for 
when the bus is released. 


A pulse one CLK wide from the req uesting master indicates to the 8088 (pulse 
3) that the “‘hold” request is about to end and that the 8088 can reclaim the 
local bus at the next CLK. The CPU then enters T4. 


Each master-master exchange of the local bus is a sequence of three pulses. 


_ There must be one ‘idle CLK cycle after each bus exchange. Pulses are active 


LOW. 


If the request is made while the CPU is performing amemory cycle, it will release 
the local bus during T4 of the cycle when all the following conditions are met: 


. Request occurs on or before T2: 

. Current cycle is. not:the low bit of : a word. 

. Current cycle is not the first aesnewienge of an interrupt acknowledge 
sequence. 

. A locked instruction is not surrantly executing. 


If the local bus is idle when the request is made the two possible events will 
follow: 


1. Local bus will be released during the next clock. 
2. Amemory cycle will start within 3 clocks.-Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 
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Table 1. Pin Description (Continued) 


Name and Function 


in LOCK: indicates that o} other system bus masters are are not to gain control of the 
system .bus. while LOCK is active (LOW). The LOCK signal is activated by the 


ae 


instruction. This signal i is active ‘LOW, and floats to 3-state off in “hold acknow!- 
edge”. 


Queue Status: provide status to allow external : se 
tracking of the internal 8088 instruction queue. _ fis Grsration 
Ton 


First byte of opcode from queue 
Empty. the queue ‘ ar 
Subsequent byte from queue | 


_ The queue status is valid during the CLK cycle. 
after which the queue operation is performed. 


Pin 34 is always‘high in the maximum: mode. 
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Memory Organization 


The processor provides a 20-bit address to memory which | 


locates the byte being referenced. The memory is orga- 


nized as a linear array of up to 1 million bytes, addressed ~ 


as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3.) | oe 


All memory references are made relative to base 
addresses contained in highspeed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 


automatically chosen according to the rules of the follow- . 


ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or odd ad- 
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 


7 0 
FFFFFH 


CODE SEGMENT 


XXXXOH 


| STACK SEGMENT 
+ OFFSET | 


SEGMENT 


Baa 
REGISTER FILE | MSB_ | 


WORD las, SEGMENT 
BYTE | 
naa 


} DATA SEGMENT 


Figure 3. Memory Organization 


Memory 
Reference Need 


Segment Register 
Used 
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Selection Rule 
base register except data references. 


Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a 
segment override. 
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the next higher address location. The BIU will auto- 


matically execute two fetch or write cycles for 16-bit 
operands. 


Certain locations in memory are reserved for specific 


CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFFOH through FFFFFH are..reserved for 
operations including a jump to the initial system initial- 
izationroutine. Following RESET, the CPU will always 


begin execution at location FFFFOH where the jump 
- must be located. Locations 00000H through 003FFH are 


reserved for interrupt operations. Four-byte pointers 


consisting of a 16-bit segment address:and a 16-bit off- 


set address direct program flow to one of the 256 possi-: 
ble interrupt service routines. The pointer elements are 


assumed to have been stored at their respective places 


in reserved memory prior to the occurrence of inter- 


| rupts. ' 


Minimum and Maximum Modes 


The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the 8088 defines pins 24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to Vcc, the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 


FFFFFH 


RESET BOOTSTRAP 
PROGRAM JUMP 


FFFFOH 


INTERRUPT POINTER 
FOR TYPE 1 
INTERRUPT POINTER 
FOR TYPE 0 


Figure 4. Reserved Memory Locations 
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The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed bus 


configuration is compatible with the MCS-85™ multi- | 


plexed bus peripherals (8155, 8156, 8355, 8755A, and — 


8185). This configuration (See Figure.5) provides the user : 
with a minimum chip count system. This architecture ° 


provides the 8088 plocessing power: in a highly integrated 
form. 


The demultiplexed ede requires one latch (for 64K ad- 
dressability) or two latches (for a full megabyte of ad- 
dressing). A third latch can be used for buffering if the 


address bus loading requires it. An 8286 or 8287 trans- | 


ceiver can also be used if data bus s buffering is required. 
(See Figure 6.) The. 8088. Pe DEN and DT/R to con- 


: 
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trol the transceiver, and ALE to latch the addresses. 
This configuration of the minimum mode provides the 
standard demultiplexed bus structure with heavy bus 
buffering and relaxed bus timing requirements. 


The maximum mode employs the 8288 bus controller. 
(See Figure 7.) The 8288 decodes status lines SO, $1, 
and §2, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue status, and two request/ 
grant interfaces are provided by the 8088 in maximum. 
mode. These features allow co-processors in local bus 
and remote bus configurations. 
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Figure 5. Multiplexed Bus Configuration 
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8284A 

CLOCK 
GENERATOR 

3 


(1, 2 OR 3) 


OE: 
8286 
TRANSCEIVER 


2142 RAM (2) 2716-2 PROM MCS-80 
PERIPHERAL 


INTERRUPT 
CONTROL 


INT 


A 
CLOCK 
GENERATOR 
RES 


1——\| LATCH 
ADORIDATA + (4,20R 3) 


OE 
8286 
TRANSCEIVER 


RO WR 


2142 RAM (2) 2716-2 PROM MCS-80 
rues PERIPHERAL 


“8259A 
INTERRUPT 
CONTROL 


Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 


The 8088 address/data bus is broken nto ‘three parts — 


‘the lower eight address/data bits (ADO-AD7), the middle 
eight address bits (A8-A15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most efficient use of pins on the proc- 
essor, permitting the use of a standard 40 lead package. 
The middle eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi- 
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tion, the bus can be demultiplexed at the processor with 


“a single address latch if a standard, non- rmuliplexes 


bus is desired for the system. 


Each processor bus cycle consists of at least.four CLK 
cycles. These are referred to as T1, T2, T3, afid-T4, (See 
Figure 8). The address is emitted from the processor: 
during T1 and data transfer occurs on the bus during T3. 
and T4. T2 is used primarily for changing the direction of: 
the bus during read operations. In the event that a “NOT: 
READY” indication is given by the addressed device, ; 


, iat , | 
Twart Twat 


ADDRISTATUS 


ADDRIDATA 


NN 


— MEMORY ACCESS TIME 


"GOES INACTIVE IN THE STATE 
JUST PRIOR TO Tz 


_ Figure 8. Basic System Timing — 
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“wait” states (Tw) are inserted between T3 and T4. Each 
inserted “wait” State. is of the same duration as a CLK 
cycle. Periods can. ‘occur ‘between 8088 driven | “bus 
cycles, These are referred to as “idle” states (Ti); or inac- 
tive. CLK cycles, The. Processor uses. these cycles. fori in- 
‘tetnal. housekeeping. i. 


During 11 of any bus” “oyelé;' ‘the ALE laddtess latch 
enable) signal is emitted (by either'the processor or ‘the 
8288 bus: controller, ‘depending on'the MN/MX strap). At 
‘the: trailing edge of this pulsé;'a valid address and cer: 
‘tain status information for the cycle may bé latched: 


Status bits SO, Si, and $2 are used by the bus. controler, 
in maximum mode, to. identify. the type. of bus transac- 
tion according to the following table: . 


ee ea 60 | GHARACTERISTICS |: 


_ Write data to memory © ~ 


ok Gane ce) 
gs. 2 ‘Passive (no bus cycle) | 


0 (Low) 0 Interrupt Acknowledge 
IQR Pel est Read W/O ta 
eae: oe ‘Write 1/0 | 
' 1(High) | 0 v “Instruction fetch : 
a) ka =0O°7 Read data from memory - 
Sen 


Status bits S3:through':S6 are. multiplexed with. high 
‘Ordér: address“ bits:‘and: are therefore valid::during. T.2 
“through: T4; S3 and.S4. indicate which segment register 
-was used for this bus cycle in fomming:t the. eccleee. ac- 
cording to the following:table: - a a 


|| .GHARAGTERISTICS «= 


Piemale data abel eeu 


: Stack... 
‘- Code‘or none - 
-Data 


$5 is a reflection of the PSW interrupt enable bit. S6 is . 


always equal to 0. 


0 Wace 
In the 8088, I/O operations can address up to a maxi- 
mum-.of 64K I/O registers. The I/O address appears in the 


same format as the memory address_on bus lines” 


A15-A0. The address lines A19-A16 are zero in I/O 
operations. The variable I/O instructions, which use 
register DX as a pointer, have full address capability, 
while the direct /O instructions directly address one or 
two of the 256 I/O byte locations in page 0 of the I/O ad- 
dress space. I/O ports are addressed in the same man- 
ner as memory locations. 


Designers familiar with the 8085 or. upgrading an 8085. 
design should note.that.the 8085 addresses I/O with an 
8-bit address on both halves of the 16-bit address bus. 
The 8088 uses a full 16-bit address on its lower 16 ad- 
dress lines. eS ee 


EXTERNAL INTERFACE 


Processor Reset and Initialization 


Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for greater than four clock cycles. 
The 8088 will terminate operations on the high-going 
edge..of.,RESET and: will remain dormant. as: long. as 
RESET is HIGH. The low-going transition of RESET trig- 
gers.an internal reset sequence for approximately 7 
clock cycles. After this interval the 8088 operates nor- 


mally, beginning with the instruction in absolute loca- 


tion FFFFOH..(See Figure 4.) The RESET. input is inter- 


nally synchronized to. the processor clock. At initializa- 


tion, the HIGH to. LOW transition. of RESET must occur 
no sooner than 50 us after anon up, t to allow complete 


ahitializatien of the 8088..: 


na INTR is asserted ‘sooner than nine clock cycles after 


the. end of. RESET, the processor may execute one in- 
struction before responding to the interrupt. 


All 3-state outputs float to 3- state OFF during RESET. 


Status is active in-the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 


Interrupt | Operations 


Interrupt operations fall into two classes; software or 


-hardware initiated. The software. initiated interrupts and 


software aspects of hardware interrupts are specified.in 
the instruction set description in the 8086 Family User's 
Manual. Hardware ee can be classified as non- 
maskable or maskable. 


Interrupts result'in a transfer of control to a new pro- 
gfam location. A 256 element table containing address 
pointers to the interrupt ‘service program locations 


resides in absolute locations 0 through 3FFH (see Fig- 


ure’4), ‘which are reserved for this purpose. Each ele- 
ment in the table is 4 bytes in size and corresponds to 
an interrupt “type”. An interrupting device supplies an 
8-bit'type number, during the interrupt acknowledge se- 
quence, which is used to vector through the appropriate 
element to the new interrupt service program location. 


Non-Maskable Interrupt.(NMI) 


The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable in- 

terrupt request (INTR) pin. A typical use would be to acti- 
vate a power failure routine. The NMI is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 


, synchronized to the clock. Any higher going transition 
of NMI is latched on-chip and will be serviced at the end 


of the current instruction or between whole moves (2 
bytes in the case of word moves) of a block type instruc- 
tion. Worst case response to NMI would be for multiply, 
divide, and variable shift instructions. There is no 
specification on the occurrence of the low-going edge; it 
may occur before, during, or after the servicing of NMI. 


"Another high-going edge triggers another response if it 
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occurs after the start of the NMI procedure. The signal 
must be free of logical spikes in general and be free of 


bounces on the low-going edge to avoid triggering ex- 
traneous responses. 


Maskable Interrupt (INTR) 


The-8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The in- 
terrupt: request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a-whole move for a 
block type instruction. During interrupt response se- 
quence, further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in- 
terrupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless epeeulcally:s set by an in- 
struction. . ar 


During the response sequence (See Figure 9), the proc- 
essor executes two successive (back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until 
T2 of the second. A local bus “hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in- 
terrupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by 
four and used .as a pointer into the interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the. limitations of the enable bit 
and sample period. The interrupt return instruction in- 
cludes a flags pop which returns the status of the 
original interrupt enable bit when it restores the flags. 
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HALT 


When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state in 
one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow the syStem to latch 
the halt status. Halt status is available on 1O/M, DT/R, 
and SSO. In maximum mode, the processor | issues. ap- 
propriate HALT.status on S2, $1, and SO, and the 8288 
bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is-entered while in 
HALT. In this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
State. 


ReadiModity/Wiite (Semaphore) Operations 
via LOCK | 


The LOCK status infomnaiod is provided by the proc- 
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc- 
essor to perform read/modify/write operations on 
memory (via: the “exchange register with memory” 
instruction), without another system bus master receiv- 
ing intervening memory cycles. This is useful in multi- 
processor system configurations to accomplish “test 
and set lock” operations. The LOCK signal is activated 


(LOW) :in the “clock cycle following decoding of the 
“LOCK prefix instruction..{t is deactivated at the end of 


the last bus cycle of the instruction following the LOCK 
prefix. While LOCK is active, a request on a RO/GT pin will 
be recorded, and then honored at the end of the LOCK. 


External Synchronization via TEST 


As an alternative to interrupts,. the 8088 provides a 
single software-testable input pin (TEST). This input is 
utilized by executing a WAIT instruction. The single 


TYPE VECTOR 


Figure 9. Interrupt Acknowledge Sequence 
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WAIT instruction is repeatedly executed until the TEST 
input goes active (LOW). The: execution of WAIT does 
‘not consume bus cycies orice the queue is full... > 


If a local bus request occurs during WAIT execution, the 
8088 3-states all output drivers. If interrupts are enabled, 
the 8088 will recognize interrupts and process them. 
‘The WAIT eee Is then: refetched, ane reexecuted. 


+ eee 


Basic Sista Timing 


In minimum mode, the MN/MX pin is strapped to Voc 
and the processor emits bus control signals compatible 
with the 8085. bus:‘structure. In maximum mode,:the 
MN/MX pin is ‘strapped to GND‘ and the processor emits 
coded status information which:the 8288 bus:controlier 
uses to generate MULTIBUS eee bus pane 
signals. 


System Timing — Minimum System. 

(See Figure 8.) | 

The read cycle begins in T1 with the assertion of the ad- 

dress latch enable (ALE) signal. The trailing (low going) 
edge of this signal is used to latch the address informa- 
tion, which is valid on the address/data bus (ADO-AD7) 
at this time, into the 8282/8283 latch. Address lines A8 
through A15 do not need to be latched because they re- 
main valid throughout the bus cycle. From T1 to T4 the 
|O/M signal indicates a memory or I/O operation. At T2 
the address is removed from the address/data bus and 
the bus goes to a high impedance state. The read con- 
trol signal is also asserted at T2. The read (RD) signa! 
causes the addressed device to enable its data bus 
drivers to the local bus. Some time later, valid data will 
be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns 
the read signal to a HIGH level, the addressed device 
will again 3-state its bus drivers. If a transceiver 
(8286/8287) is required to buffer the 8088 local bus, 
signals DT/R and DEN are provided by the 8088. 


A write cycle also begins with the assertion of ALE and 
the emission of the address. The IO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
T2, immediately following the address emission, the 
processor emits the data to be written into the ad- 
dressed location. This data remains valid until at least 
the middle of T4. During T2, T3, and Tw, the processor 
asserts the write control signal. The write (WR) signal 
becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide 
time for the bus to float. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. (See 
Figure 9.) In the second of two successive INTA cycles, 
a byte of information is read from the data bus, as sup- 
plied by the interrupt system logic (i.e. 8259A priority in- 
terrupt controller). This byte identifies the source (type) 
of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as de- 
scribed earlier. 
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Bus Timing | —_ Medium Complexity Systems 
(See Figure. 10.) 


For medium complexity systems, the MN/Mx pin.is con- 
nected to GND and the 8288 bus controller is added to 


‘the system; as well as an 8282/8283 latch for latching 
‘the system address, and an 8286/8287 transCeiver to 


allow for bus: loading greater than the 8088 is capable of 


‘handling: Signals ALE, DEN, and DT/R are generated by 


the 8288: instead of the processor in this configuration, 
although their timing remains relatively the same. The 


8088 ‘status’ outputs (S2, $1, and S0) provide type of 


cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus issues control signals specifying 
memory read or write, I/O read or write, or interrupt 


acknowledge. The 8288° provides two types of write 
strobes, normal and advanced, to be applied as required. 


The normal write strobes have data valid at the leading 
edge of write.. The advanced write strobes ‘have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 8286/8287 trans- 
ceiver receives the usual T and OE inputs from the 


-8288’s DT/R and DEN outputs. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the jocal bus or the system 
bus. If the master 8289A priority interrupt controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge Se- 
quence and software ‘‘poll’’. 


The 8088 Compared to the 8086 


The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 
8088 are identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only 8 bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure is iden- 
tical and all instructions have the same end result. The 
differences between the 8088 and 8086 are outlined 
below. The engineer who is unfamiliar with the 8086 is 
referred to the 8086 Family User’s Manual, Chapters 2 
and 4, for function description and instruction set 
information. 


Internally, there are three differences between the 8088 
and the 8086. All changes are related to the 8-bit bus in- 
terface. 


e The queue length is 4 bytes in the 8088, whereas the 
8086 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was re- 
quired because of the additional time necessary to 
fetch instructions 8 bits at a time. 
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To further optimize the queue, the prefetching algo- 
rithm was changed. The 8088 BIU will fetch a new in- 
struction to load into the queue each time there is a 1 
byte hole (space available) in the queue. The 8086 
waits until a 2-byte space is available. 


The internal execution. time of the instruction set is 
affected. by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU is-also limited by the. speed of in- 
struction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to. fill and-the execution pro- 
. ceeds.as fast as Mig excoullon unit will allow. 


The 8088 and 8086 are completely software compatible 
by virture of their identical execution units. Software 
that is system dependent may not be completely trans- 
ferable, but software that is not system dependent will 
operate equally as well on an 8088 or an 8086. . 
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The hardware interface of the 8088 contains the major 
differences between the two CPUs..-The pin ‘assign- 
ments are nearly identical, however, with the following 
functional changes: 


» A8-A15 — These pins are only gatos outputs on the 


8088.. These address lines are latched internally and 


‘remain valid throughout a bus cycle in a.manner 


similar to the 8085 upper address lines. 


BHE has no meaning on the 8088 and has been elimi- 
nated. 


SSO provides the SO status: formation in then mini- 
mum mode. This output occurs on. pin 34 in minimum 
mode only. DT/R, |O/M, and SSO ore ‘the ie complete 


- bus status in minimum mode... 


lO/M has been inverted to be Ssasetibie with the 
MCS-85 bus structure. 


ALE is delayed by one clock cycle in the minimum 
mode when entering HALT, to allow the status to be 
latched with ALE. 
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Figure 10. Medium Complexity System Timing | 
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ABSOLUTE MAXIMUM RATINGS* | 


Ambient Temperature Under Bias......... 0°C to 70°C 
Storage Temperature............. — 65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground......... iba -10to+7V 


Power Dissipation ........... Lee ares 2.5 Watt 
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| "NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. Se. 


‘D.C. CHARACTERISTICS (14 = 0°C to 70°C, Voc = SV +10%) 


. Parameter 


| Symbol 
: Input High Voltage 


Capacitance of Input Buffer 
(Allinput except | 
ADo-AD7 RQ/GT) 


_. Capacitance of !/O Buffer 
.| (ADo-AD7 RQ/GT) | 


Power Supply Current 


Ta = 25°C | 
0.45V <Voutr<Voc | 


A.C. CHARACTERISTICS | (1, = 0°C to 70°C, Voc = SV #10%) 


MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


| Symbol | Parameter = |S Min. | Max. | Units | Test Conditions | 
| Tec. | CLK GyclePeriod | 200 S| 500 | ns_ 
| TCLCH | ClKLowTime | H#TCLCL)-15 | ns 
| TCHCL | CLKHighTime  (TCLCL)+2 || 
[_TCHicH2 | CLKRiseTime | 10 |ins | Fromi.oVto3.sv | 
[Tevecti | cukFaiTime | tins | Froma.sVto 1.0 | 
| TOVCL | DatainSetupTime | 8 | 
| TCLDX | DatainHoldTime | | 
RDY Setup Time into 8284 (See Notes 1,2)|} 35 | | ns | 
|_TCLRIX | RDY Hold Time into 6284 (SeeNotes1, 2)| 0 | |_| 
| _TRYHCH | READY SetupTimeintogoes | @TCLCL)-15 | |_| 
|_TCHRYX | READYHoldTimeintosoes | 90 || 
| TRYLCL | READY InactivetoCLK(SeeNote3) | 8 | ns 
| THVCH | HOLDSetupTime | 85s 
| _TINVCH | INTR, NMI, TEST Setup Time (See Note 2)| 30 || 
| TILIH | input RiseTime(ExceptCLk) | | 20 | ns | Fromo.8Vto20v | 
| TIHIL | InputFallTime(Exceptclk) | | 12 | ns | From2.ovto0.ev | 
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A.C. CHARACTERISTICS (Continued) 
‘TIMING RESPONSES > * 


| TCLRL | RDActiveDelay 
| TCLRH™ | RD Inactive Delay . Se 
| TRHAV | RD Inactive to Next Address Active TCLCL-45 
|. TwiwH | WRWidth 
|_TAVAL__| Address Valid to ALE Low 
| TOLOH | OutputRiseTime | 
cera ae 


|__Symbol | Parameter | Min, | Max, _Test Conditions 
[[tetax [Address HoldTime —sSsSidS td 

[_TCLAZ | AddressFloatDelay | TCLAX | 80_ 

{_TeHLL | ALEWidth | TCLCH-20 | 

ALE Active Delay _ ee 

ALE Inactive Delay — | 2 et 

| TLLAX - | Address Hold Time-to ALE Inactive 

| TCLDV | .DataValidDelay ==" ————<‘—‘*Y:*S:*‘<i~<‘<«ia tt C_ = 20-100 pF for 
| TCHDX | DataHoldTime | 1 se a a 

| ! ——-_ ——————__—_ in addition to 

| TWHDX | Data Hold Time After WR TCLCH-30- | —i internal loada 

| TevceTv | Control Active Delay? | | 110 | 


| TAZRL AddressFloattoREADActive = | 0 | 


o_hk wh, mah, 
o>) oi _ 
So So oO 


= 40 
10 
TCVCTX Control Inactive Delay 10 
| 10 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


, TOHOL Output Fall Time 


A.C. TESTING INPUT, OUTPUT WAVEFORM : A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


pe DEVICE 
1.5 <«——— TEST POINTS ——» 1.5 eer 


‘0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC “0.” THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC “1” AND “0. C, INCLUDES JIG CAPACITANCE 
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intal . Hees iAPX 88/10 PRELIMINARY 


WAVEFORMS > eee 


_ BUS TIMING—MINIMUM.MQDE SYSTEM _ nate, 4 
<0 Te oS 2 _ T3 Tw]. 

TCLCL TCH1CH2 TCL2cL1 / 
Ven. toe 


CLK (8284 Output) 
10/M, SSO 


A1s-Ag 


— 
TCLAX 


ALE re 


= TRIVCL | : 


RDY (8284 Input) a | : ; | AOA | 


SEE NOTES - 


READY (8088 Input) | 


AD;7- 


re +4 

Se ny, 
| 
ae res 


ADo 
| 
RD : 
READ CYCLE 
(NOTE 1) _ 
(WA, INTA = Von) fae 
DT/R 
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BUS TIMING—MINIMUM MODE SYSTEM (Continued): . 


1 Ta T3 Tw 
TCH1CH2- 7 TCL2CL1 hi 


CLK (8284 Output) 


te .  L.TCLDV — 
"| TOLAV- — | TCLAx 


‘ ——— 2 ae 
wrasse - ae a Ga 


ae  /-TWHDX-> ms 
j — = at a Pl gee 


|+—TeLox 


POINTER “FLOAT 


WRITE CYCLE 
NOTE 1 


TCHCTV 


INTA CYCLE © 
_ NOTES 1,3 
(RD, WR = Von) 


SOFTWARE HALT - 
DEN,RD,WR,INTA = Vou INVALID ADDRESS SOFTWARE HALT 
DT/R INDETERMINATE 


. ALL SIGNALS SWITCH BETWEEN Von AND Vo, UNLESS OTHERWISE 
SPECIFIED. 

. RDY {S SAMPLED NEAR THE END OF To, T3, Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS 
ARE SHOWN FOR THE SECOND INTA CYCLE. 

. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 
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A.C. CHARACTERISTICS (Continued) 
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) « - 
‘TIMING REQUIREMENTS 


| Symbol | Parameters 


[| Totct | CLK Cycle Period | 
| TCLCH _CLK Low Time ~| @STCLCL)-—15 
| TCHCL CLK High Time | (*TCLCL)+2 - 


. | Max. 
| 500 

| TCHCL | I od 

| TCL2CL1. |. CLK Fall Ti 

| TCLOX | | 


Ea 
| 10 
10 


TCLDX _| Data in Hold Time Mee ll AO 
TRIVCL | RDY Setup Time into 8284(SeeNotes1,2) | 35 | | 
| TCLR1X | RDY Hold Time into 8284 (See Notes1,2) | 0 


[Units _ 
pins 
[ns 
: pins | 
| ns’ | From 1.0V to 3.5V 
| TCL2Ck1 pins | 
pins | 
| ns 
pons 


TRYHCH READY Setup Time into 8088 (26 TCLCL)—15 
| TCHRYX | READY Hold Time into 8088 
TINVCH Setup Time for Recognition (INTR, NMI, TEST) 
- (See Note 2) 


TRYLCL | READY Inactive to CLK (See Note 4) 
TGVCH 


TCHGX RQ Hold Time into 8086 | 
| TILIH Input Rise Time (Except CLK) . 


RQ/GT Setup Time 


TIHIL Input Fall Time (Except CLK) 
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| = WE 


wo pe aia... .... PRELIMINARY 


A.C. CHARACTERISTICS Spuliaioah 
TIMING RESPONSES --.--. - ~ ia cee aly Aes cee eeasi alee pars 


__Pargmeter .. Jest Conditions... | 


[ron _| 


| 
: i —_ , 
: o nn : 


Cc" = 20-100 pF for 
all 8088 Outputs. 

in addition to 

‘internal loads 


Crowe 
| TCLRH 
| TRHAV 
| TCHDTH | 


| 10 
| Teovcr—45 


= . 
? 
s 
. 
me 
ie ry 
te oe 
4 - 
S, _ = = “t 
: a é 


: GT Aative Delay’ * 
--GT Inactive Delay * 
~ RD Width 


TOLOH | Output Rise Time“ 9" 
| TOHOL.. -| ~Output Fall Time 


‘NOTES: 5 Be hin ne 
1. Signal at 8284 or e288 shown, for, reference only, 96 fer tnh 

2. Setup requirement for asynchronous: signal only to guarantee. recognition at next CLK. 
3. Applies only to T2 state (8. ns into T3 state). 


From 0.8V to 2.0V__ |. 
From 2.0V to 0.8V 


$ 
‘ 
é 


4. Applies only to T2 state i ns into T3 ate) ie ae oy 
4 
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WAVEFORMS (Continued) % wate oe at 


BUS TIMING—MAXIMUM MODE | ene % Te, Tm 
SYSTEM (USING azar) oe i -— TeicL TCHICH2 TOL2CLt Tw 


2 Daa z 
q 
| coat 


§;,5;,50 (EXCEPT HALT) 


Ais— Ag” 


AraSeArgS3 


] ALE (6288 OUTPUT) 
SEE NOTE 5 ; 


_ RDY (8284 INPUT) 


READY (8088 INPUT) ‘ He A alin 
TRYHSH —> 


os rr a 
| TDVCL TCLDX— 


— IN 
init ee, FLOAT 
< pit ta “LP h si 


| TOHDTE AES ates, Sabetlen TCHDTH 


READ CYCLE 


8288 OUTPUTS 


MRDC OR [ORC 
SEE NOTES 5,6 
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WAVEFORMS (Continued) 7 
BUS TIMING—MAXIMUM___. soi eee no 


|+TeHsv Tw 


‘ VCHI' 


MODE SYSTEM, venl= 


(USING 8288) ee | p RF ia | 


WRITE CYCLE 


AD7-ADpo 


8288 OUTPUTS 
SEE NOTES 5,6 AMWC OR AIOWC 


MWTC OR [OWC 


INTA CYCLE 


Ais — Ag 
(SEE NOTES 3,4) ee 7 7 3 a 


b 


8288 OUTPUTS in 
SEE NOTES 5,6) INTA-~ 


DEN 


SOFTWARE 
HALT — (DEN = Vo.;AD, MADC,IORC, MWTC,AMWC,|OWC,AIOWG,INTA,OT/A = Von. 


AD? — ADo, Aig — Ag 
INVALID ADDRESS 


NOTES: 1. ALL SIGNALS SWITCH BETWEEN Von AND Vo. UNLESS OTHERWISE 
: ' SPECIFIED. . i 
2. RDY IS SAMPLED NEAR THE END OF To, Tz, Tw TO DETERMINE IF Tw 
MACHINES STATES ARE-TO BE INSERTED. = 
3.. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA 
CYCLES. _ 
4. TWO INTA CYCLES RUN BACK-TO-BACK. THE-8088 LOCAL ADDR/DATA 
BUS iS FLOATING DURING BOTH INTA CYCLES. CONTROL FOR. 
POINTER ADDRESS {S SHOWN FOR SECOND INTA CYCLE. 
5. SIGNALS AT 8284.0A8.8288 ARE SHOWN FOR REFERENCE ONLY. 
6. THE ISSUANCE OF THE 82868 COMMAND AND CONTROL SIGNALS 
' , , FORC, OWS, ATOWT, INTA AND DEN) LAGS THE 
ACTIVE HIGH 8288 CEN. . : 
7. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 
8. STATUS INACTIVE IN STATE JUST PRIOR TO Ta: 
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BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 


Any CLK Crole—| 


ASYNCHRONOUS. 
SIGNAL RECOGNITION 


Any CLK Cycle -—- 


TINVCH (see note 1) 
_ INTR _., 
TEST 


NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK 


l——TGVCH 
TCHGX --« 
PULSE 1 PULSE 3 
COPROCESSOR . PULSE 2 eats ae * Neoprocesson 
Te} _ \. 088 GT ; : : tak RELEASE 


Previous grant 


AtelSg— AigiSs 
Aiw—-As oe a a rae 
4 ne 608s - COPROCESSOA 
COCR | ‘ 
@ (SEE NOTE 1) 


NOTE: 1. THE COPROCESSOA MAY NOT DRIVE THE BUSSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION. — 


COPROCESSOR 
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IAPX 86/10,88/10, 
_ INSTRUCTION SET SUMMARY ~ 


DATA TRANSFER ie sigh Bas 3 
MOV : Meve: 76543210 76843210 76543210 76543210 CEC Cecrement: - 76843210 76543210 765432160 76543210. 


Repsterinenory iortomregsier (00010 w [mee me] " egister memory Pritt tw [ras 01 om] 
Immediate to registersmemory «(1100011 w[md000 sm | data | aatatwt Register O100T reg * 
Immediate to register ftorrw reg | gaa] data) | KEG Change sign 
Memory to accumulator “[1010000w. addt-high — ; : : 

CMP Compare: 
Accumator to memory ro1000tw]—adgviow | aaarngn | 
Registersmemory to segment register [10001110 . Register/memory and register Odt11100w 


Segment register to registersmemory-[ 1000 1-100-)mod0reg tim . . Immediate with register /memory 


Os ea Si, ae immediate with accumulator 
PUSH . Push: - . . AAS ASCII adjust for subiract 
Register /memary . : mod110 rm ay CAS Decimal adjust for subtract 
Register _ MUL Multiply tunsigneai 
Segment register ; ; “ (MUL; Integer multiply isigned) 
POP « Pop: ‘ ‘ RAM ASCII adjust for multiply 
BIV Divide (unsigned) 


Register /memory 10 Oo11 mod000 tm . IDIV Integer divide isigneds 
peegeaik Lot eg : : - ARD ASCII adjust tor divide 
Segment register 000reg 111 


XCHE < Exchange: CWO Convert word to double word 


Register /memory with register 1000011 


Regester with accumulator 10010 teg 


CBW Convert byte lo word 


IN=Input from: 

Fixed port 

Variable port ” ae 

| 7 LOGIC : 

Fixed port : ; SHL/SAL Shutt logical arithmetic lett ” mod1 00 tm 

Vanable port . . a SKR Shilt logical e«gnt : 

MLAT-Transiate byte to AL . aa SAR Shitt arthmenc night. 

LEA-Load EA to register ROL Rotate tett 

LO8-Load pointer to OS ROR Rotate raght 

LAKF=Load AH with flags eee 

SAKF = Store AH «nto flags ie 

PUSHF<Push flags a AND And: 

POPF=Pop flags ae a ie Reg smemory and register toether [0010000 w 
Immediate to register ‘memory 1000000w [modt.00 sim] data 
Immediate to accumulator 0010010w [gata] gatartwt | 


TEST And function to flags. no result: 
Register ‘memory and regisiet 


UEbLoed pam to 6S pe [att Rotate trough cary fagiet [1010 0v w [ogo 10 vm 


BER Rotate through carry eght 


ARITHMETIC 


AQO : Add: immediate dala and reqisler/memory 


Reg ‘memory with register to either [0 QO0dwi{mod eg rm} Immediate data and accumulator «= [1010100w | data 
Immediate to register /memory [100000sw|modo00 0m. | oa. | : 
immediate to accumulator | GR Or: 
; Reg ‘memory and register to either mod reg ifm 

ACC + Add with carry: i a_i = Immediate to register /memory 1000000w 
Reg /memory with register to erther mod seg tim - |> immediate to accumulator foooo1tOw|] daa | 
immediate to reguster/memory mod0'10 rm. sw 0 
Immediate to accumulator 0001010w data itw t 9 XOR Exclusive cr: oe 

; Req ‘memory ano register to ether mod reg tim. 
(NC = treremsnt: ea Immediate to register /memory 
Register/memory : : Immediate to accumulator 0011010w 
Register 


AAA-ASCII adjust for add 


GAA-Decimal adjust for add 


SUB = Subirsel: 
Reg dmemory and register to esther 


tmmeaiate tom regsterrmemory [1 00000sw|mogtdt rim | data | éatadsw ov] | STRING MAWIPULATION 


Immediate trom accumulator 0010110w|] gatas [—aataitw 1 REP=Repeat 


. MOVS=Move byte/word 
888 « Sedtrect with borrow. CMPS=Compare byte/word 


Reg Jmemory and register to either [0 001100 w|mod reg’ tim _| SCAS=Scan byte/word [1o1o0tiiw] 
———— 1010110w 


immediate trom register /memory 100000sw|mogd11 cm | gata | dataitsw 01 LODS=Load byte/wd to AL/AX a 
Immediate from accumulator Q0011!0w| . data__| oaatwi | $TO$=Stor byte/wd from AL/A 


Mnemonics ©intel, 1978 en 
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INSTRUCTION SET SUMMARY (Continued) : 


“CONTROL TRANSFER 
CALL = Catt: 76843210 76843210 76843210 . 716543210 76543210 
Direct within segment = [11101000] _ dsptow [—aspnan ANB/AE Jump on ot beow/above (1710011) os 
indirect within segment h11999991 ]m0d010 rm ‘ | SNBE/JA- Jump on not betow or disp 
: : . equal/above 
Direct intersegment | SNP/JP0: Jump on not par/par odd 
JMO: Jump on not overflow 
Indirect intersegment ae > GS Jump on nat sign 
IMP =, Unconditiens! Jump: LOOP Loop CX times 
ae LOOPZ/LOOPE Loop while zero/equal - 


Direct within segmgnt © ‘  LOOPNZ/LOQPNE Loop while not Frivooo00T asp” 
Direct within segment-shost zero/equa' SA eel EEE At. 


— JCXZ Jump on CX zero 
Indirect within segment 
Direct intersegment ANT Interrupt 
a | _seg-tow || __eg-high ~ | Type specitied 
Indirect intersegment 41111911 ]mod 101 cm | - Type 3 11001100 


(NTO tnterrupt on overtiow 


' 


RET = Return from CALL: 

ss ; (RET Interrupt return 
Within segment 11000011 
Within seg. adding immed to SP 11000010] — datatow | _data-high | 
tntersegment. adding immediate to SP{11001010 data-low ‘PROCESSOR CONTAOL 
JE/d2-Jump on equal zero O1110100] disp CLC Clear carry 


JSL/SNGE=Jump on tess/not greater 

or equa CMC Comptement carry 
JSLE/INB=Jump on less or equal/not 

greater STC Set carry 
J8/SKAE=Jump on below/not above 

or equa CLO Clear duection 
eect parabens below or equal/ STD Set derection 
JP/JPE-Jump on parity/parity even CLI Clear snterrupt 171111010 
J0=Jump on overflow ST! Set interrupt trtyw1or) 
J8=Jump on sign HLT Halt 


SKE/INZ=Jump on nol equal/not zero -s |) WAIT Wart 
ENL/JGE=Jump on not less/greater 


stall ff 


or equa ESC Escape ito external devicet modx x x tim 
ee asp) LOCK Bus tock pretix 11110000 


Footnotes: 

AL = &-bit accumulator . | “ ** if s:w = 01 then 16 bits of immediate data form the operand 
AX = 16-bit accumulator . it s:w= 11 then an immediate data byte is sign extended to 
CX = Count register . Oo form the 16-bit operand. 


es : Hats eral if, v=0 then ‘‘count’' = 1; if v=1 then ‘‘count’’ in (CL) 


Above/below refers to unsigned value. oes don't care 
Greater = more positive; 2 is used for string primitives for comparison with ZF FLAG. 
Less = less positive (more negative) signed values a a SEGMENT OVERRIDE PREFIX 


if d = 1 then “to” reg; if d = 0 then “from” reg 


if w= 1 then word instruction; if w = 0 then byte instruction a [o 0 1+eg 11 0] 


if mod = 11 then r/m is treated as a REG field REG is assigned according to the following table: 


‘if mod = 00 then DISP = 0°, disp-low and disp-high are absent cine 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent. °°; WG Bit (w = 1) BBit (w = 0) Segment 

if mod = 10 then DISP = disp-high: disp-low e °000 AX 000; AL a 00 €S 

it r/m = 000 then EA = (8X) +(SI)+DISP ee EG at hae oy Shee 

if r/m = 001 then EA = (BX) + (Dl) +DISP oe 011 BX 011 BL - 4100S. . 
if r/m = 010 then EA = (BP) + (SI) + DISP = AS oF 4k 4 100 SP 100. AH; ae 

if r/m = 011 then EA = (BP) + (DI):+ DISP ef ae oh oH A 10 a . 

it.r/m = 100 then EA = (SI " 


it r/m = 101 then EA = (D1) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) Bibel er reference the flag register file as a 16-bit object use the symbol FLAGS to 
represent the file: 


“except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. FLAGS = X:X:X:X:(OF):(DF):(1F):(TF):(SF):(Z2F):X:(AF):X:(PF):X:(CF) 
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= Generates the System clock for the 


8284A 


"PRELIMINARY 


_ CLOCK GENERATOR AND DRIVER: FOR 


_TAPX 86, 88 PROCERS Oar 


_TAPX 86, 88 Processors — 


= 18 Pin Package 
ere ? use? EL Single +5V Power ‘Supply. 


a Uses a ‘Crystal ora TTL Sigal for m=. Generates System Reset Output from 


. Frequency. Source, . ee Bet | _ Schmitt Trigger Input 


= Provides Local READY. and Multibus™ 
~ READY i diieieronaas : oe 


. Capable of Clock Synchronization with 
. Other. 8264As_ 


hwy 
OE bart ‘ 


To oxTab BP 
OSCILLATOR [ 


re PO OE PLE Mee ere 
+ - : Figure 1.-8284A Block Diagram 
Ce eae mer a oe ee 


Yee 
} ; oe \ 
ae a a Ae Se ‘ 
rea RN 
i ome 
ag: se on oad 
\. Bh ie 
a 
’ 
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RESET 
, -OSC ... . 


-PoiK. Po 


CLK 


QF» READY. 


Figure 2. 
8284A Pin Configuration 


8284A 


PRELIMINARY 


Table 1. Pin Description 


_, ,Name and Function. _ 
Address Enable: AEN is an: active LOW. 


signal. AEN serves to qualify its. respective’ | 


Bus Ready Signal (RDY1 or RDY2). AENi 

validates RDY1 while AEN2 validates RDY2. 

Two AEN signal inputs are useful in system 

configurations which permit the processor to 
access two Multi-Master System Busses. In 

non Multi-Master configurations: the AEN . 
signal inputs are tied true (LOW). 


Bus Ready: (Transfer Complete): RDY is an. 
active HIGH signal which is an indication from 
_a device located on the system data bus that 
data has been received, or is available. RDY1 
is qualified by AEN1 while RDY2 is qualified 
by AEN2. 


Ready Synchronization Select: ASYNCI isan 
input which defines ‘the synchronization 
mode of the READY logic. When ASYNC is 
low, two stages of READY synchronization are 
provided. When ASYNC is left open or HIGH a 
single stage of READY synchronization is 
provided. 


Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold 
time to the processor has been.met. 


Crystal In: X1 and X2 are the pins to which a 
crystal is attactied. The-crystal frequency is 3 
times the desired processor clock frequency. 


Frequency/Crystal Select: F/C isa strapping 
option. When strapped LOW, F/C:permits the 
processor's clock to be generated by the crys- 
tal. When F/C is strapped HIGH, CLK is Saenel 
ated from the EFI input. or 


External Frequency: When F/C is strapped 
HIGH, CLK is generated from the input fre- 
quehcy appearing on this pin.. The input 


signal i is a Square wave 3 times the frequency | 


of the desired CLK output. 


FUNCTIONAL DESCRIPTION ~ 4 
General | 


The 8284A is a single chip clock generator/driver for the. 
iAPX 86, 88 processors. The chip contains a crystal- 


controlled oscillator, a divide-by-three counter, com- 
plete MULTIBUS™ “Ready” synchronization and reset 
logic. Refer to Figure 1 for Block Diagram and Figure 2 
for Pin Configuration. 


Oscillator 
The oscillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 


mode, crystal from which the basic operating frequency 
is derived. 


Simbel pe) temeans function. 


ges Processor Clock: CLK is the clock output 
used by the processor and all devices which 
directly connect to the processor's local bus 
(i.e., the bipolar support chips and other MOS 
devices). CLK has an output frequency which 
is % of the crystal or EFI input frequency anda 
Ys duty cycle. An output HIGH of 4.5 volts 
| (Vec= 5V) is sce ‘on this pint to are MOS 
devices. . 


Peripheral Clock: PCLK is a TTL level pe- 
ripheral clock signal whose output frequency 
is ¥2 that of CLK and has a 50% duty cycle. 
Oscillator Output: OSC is the TTL level out- 
put of the internal oscillator circuitry. Its fre- 
quency is'equal to that-of the crystal.. — 


Reset In:: RES is an active LOW signal-which 
is used to generate RESET. The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration. 


Reset: RESET is an active HIGH signal which 
is used to reset the 8086 family processors. Its 
timing characteristics are determined by 
RES. 


Clock Synchronization: CSYNC is an active 
HIGH signal which allows multiple 8284As to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW 
the internal counters are allowed to resume 
counting. CSYNC needs to be externally syn- 
chronized to EFI. When using the internal os- 
cillator oe should ‘be hardwired to 


The crystal frequency should be selected at three times 
the required.CPU clock. X1-and X2 are the two crystal 
input crystal connections. For the most stable operation 
of the oscillator (OSC) output circuit, two series resistors 
(Ry =:Re = 510 0) as shown in the waveform figures are 
recommended: The output of the oscillator is buffered and 
brought out on OSC so that other system timing-signals: 
can be derived from this stable, crystal-controlled source. 


For systems which have a Vcc ramp time = 1V/ms and/or 


. have‘inherent board. capacitance’ between X1 or X2, ex- 


ceeding 10pF (not including 8284A pin capacitance), the 
configuration in Figures 4 and 6 is recommended. This 
circuit provides optimum stability for the oscillator in such 
extreme conditions. It is advisable to limit stray ca- 
pacitances to less than 10pF on X1 and X2 to minimize 
deviation from operating at the fundamental frequency. 
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PRELIMINARY 


Clock Generator .. . 


The clock generator consists ofa synchronous divide- 
by-three counter with a special clear input that inhibits 
the ‘counting. This clear input (CSYNC) allows the out- 
put clock to be ‘synchronized with an external event 
(such as another 8284A clock). It is necessary to syn- 
chronize the CSYNC input to the EFI clock external to 
the 8284A. This is accomplished with two Schottky flip- 
flops. The counter output is a 33% duty ie clock at 
one-third. the input frequency. 


The F/C input is a strapping pin that. iagia either the i 


crystal oscillator or the EFI input as the clock for the +3 


counter. If the EFI input is selected as the clock source, .. _ 


the oscillator section can..be used independently for 
oene: clock source. Output is taken from OSC. 


Clock Outputs 


The. CLK output is a 33% duty cycle. MOS. clock driver 
designed to drive the. iAPX 86, 88 processors directly. 


PCLK is a TTL level péripheral clock signal whose out: ~ 


put frequency is ¥2-that of CLK..PCLK has a 50%: duty 
cycle. 


Réset Logic 


and a synchronizing flip-flop to generate the reset 
timing. The reset signal is synchronized to the falling - . 
edge of CLK. A simple RC network can be used to 
provide power-on reset by utilizing this function of the 
8284A. 


READY Synchronization 


Two READY inputs (RDY1,; RDY2) are provided toaccom- — 


modate two Multi-Master. system. busses. Each input. . 
has a qualifier (AEN1, and AEN2, respectively). The AEN 


signals vaildate their esnective’t RDY. signals. Ifa emul: ~ 


CLOCK 
SYNCHRONIZE 


".. Figure 3. CSYNC Synchronization _ 


Master system Is not being used the AEN pin should be 
tied LOW. 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that, the 
RDY setup and hold times are met: lnactive-going edges 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and ahold as a 


. matter of pepe ids a oe 


. The. ASYNC input defines two. modes of READY syn- 


chronization operation. 


When ASYNC is LOW, ~ stages of synchronization 
are provided for active READY input. signals. Positive- 


*¢ going asynchronous READY inputs ‘will: first be syn- 


chronized_ to flip-flop one at the rising edge of. CLK 
and then synchronized to flip-flop two at the next falling 


edge of CLK, after which time the READY output will go 
. active (HIGH). Negative-going asynchronous READY in- 


puts will be synchronized directly to flip-flop two at the 
falling edge of CLK, after which time the READY output 
will go inactive: This mode of operation.is intended .for.use 
by asynchronous (normally: not ready) devices in the sys- 
tem which cannot be. guaranteed by design to meet the 
required RDY oP timing, ‘Trivet. on each bus cycle. 


| When ASYNG is: high or left open, the first READY flip. 
~ flop is’ bypassed in the READY synchronization logic. 


READY inputs are synchronized by: flip-flop two-.on-the 
falling edge of CLK before they. are. -presented- to the 


-processor.. This mode is available - for synchronous 


devices that can be guaranteed to meet the required 
RBY r setup t time. gs ae 


ASYNC can be Shangea’ on every. bus cycle to select the 
appropriate mode of synchronization for each device i in 
the payelem. 


(TO OTHER 8284As)- 
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ABSOLUTE MAXIMUM RATINGS* =ot'=. . “NOTICE: Stresses above those listed under :‘Absolute 
a ee Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias... Mea eae 0°C to 70 — dioinai tha device at dees oF aay oticy conditions above 
Storage Tomporature......2-+006.. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
jt Preece cation isnot implied. Exposure to absolute. maximum 
All Input Voltages ...... a cheeni eae —1.0V to.+5.5V rating conditions for extended periods may affect device 
Power Dissipation ............. 00 ees eeeee ...1 Watt reliability. ae Xe ! 


D.C, CHARACTERISTICS (T,=0°C to 70°C, Veg =5V + 10%) 


Parameter 


Forward Input Current (ASYNC) | 
Other Inputs 


Test Conditions 


Ip -Reverse Input Current (ASYNC) 


Other Inputs 


Input Forward Clamp Voltage 


Tice | Power Suppty Curent] 
35 


V a: 
| Input LOW Voltage ae 
* Input HIGH Voltage _ 

V 


Vo 

: need 

IH_— 

-” Reset Input HIGH Voltage © | 26 

‘Output LOW Voltage |S 
OH Output HIGH Voltage CLK te 


_ RES Input Hysteresis ae 


A.C. CHARACTERISTICS (1, =0°C to 70°C, Vog=5V+ 10%) 

TIMING REQUIREMENTS =“ ethan 

Parameter (we C | Min 
Pe ee 


Test Conditions 
90% -90% Vin 
10% -10% Vin. . 


(Note 1) 


teLen External Frequency LOW Time —_.- 


| 
trivor 
tRivcH 
tivo 
tounix 


taYvcL ASYNC Setup to CLK 
YN 


toLayx ASYNG Hold to CLK 


taivriv 


tere, . | EFI Period 


12 


i 

” 

< 

z 

.) 

iN 

x : 
G) Fy 
< 


a ae 
ae ee 
p85 
as eel 
a a 
a ae 
Ni, AEN2 SetuptoRDY1,RDY2 -}| 15 9 
toLa1x AEN1, AEN2 Hold to CLK a ae 
tyuen | CSYNCSetuptoEF! | 20 

a 

Pe 


toLiiH RES Hold to CLK 
— to Input Rise Time : als From 0.8V to 2.0V 
tHLIL Input Fall Time a Saas From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES => 00700 tt 
[symbol | Parameter 


__ CLK HIGH Time 


(% tceic.) +2 for CLK Freq. < 8 MHz 
(% tere) +6 for CLK Freq.=10 MHz . 
. |. @é&terer)-15:for CLK Freq.<8 MHz 
(7% toro 14 for CLK Freq.=10 MHz |. 


t 


toLcn. CLK LOWTime 


eae: 


| 
teLecui | 

: PCLK HIGH Time -: 

-PCLKLOWTime 


“4 Teas Seare 
owe ee 8 


CLK Rise or, Fall Time 


. terer-20... 
torer=20 : 


| (% teict)-—14 for CLK Freq.=10 MHz 
LK to Rat ay pe 
“GLK to PCLK HIGH DELAY 
| tac | OSCtocLKLOWDely | CdS eee eed 
a ae 
ee ee ee 


: Ready Active to CLK (See Note 3) 


—s 

— 

— 
On aan . 


CLK to PCLK LOW Delay 


*“ 
_— 


Output Rise Time (except CLK) From 0.8V to 2.0V 
Output Fall Time (except CLK) From 2.0V to 0.8V 


NOTES: 

1. 6= EFI-rise. (6ns.max)+ EFI fall (ns max). .. Bee whe os 
2. Setup and hold necessary only to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 


A.C. TESTING INPUT, OUTPUT WAVEFORM - - -° 


INPUT/OUTPUT 


Vi; = 2.08V 


R, = 3250 
* “DEVICE 
1.5 <— TEST POINTS —— 1.5 UNDER |. 


TEST 7 


0.45 ——/- - 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
Paae OND MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
I > oy Re 


giles. ten Se Ramage tee aly aa 


Cy. = 100pF FOR CLK 
C_= S0pF FOR READY 


Skee ers 
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towoaty ata Vu: p 7 weet aos ae vas : ny te tt Acer es ee ek 

’ Bye et? ce ec oe Pn cr ee Sa Dae a 
° ‘ 

Behe chi Goh oa in a5 : 

we es ans . bet 2 


(CLOCKS AND RESET SIGNALS 


{ 


ge 
oe aac aes 
fod , 


= <= teu tte > 


‘! a ee ty r 


NOTE: ALL ‘TIMING. MEASUREMENTS ARE MADE AT 1.5. VOLTS, UNLESS OTHERWISE NOTED. _. 


READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


Ae eh en : 
- OBR ad re herr | 
teLn1x 


tivcH 


RDY1,2 


ACLAIX et 
ta1RiV 


4 


taYVCL 


tRYHCH traYLct 
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WAVEFORMS (Continued) 


READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


: ore wepisece sy ‘ ae 
—teLnix—] - oO oe -s 
; triveL 


tainiv | 3] touax 


CLK 


RDY1,2 


tRYHCH tAYLCL 


[to 
“| (SEE NOTE 1) _ 


Clock High and Low Time (Using X1, X2) 


PULSE LOAD 
GENERATOR (SEE NOTE 1) 


Clock High and Low Time (Using EFI) 
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. : F oe Mag Phe. he a ‘vy "e : 


LOAD 
| (SEE NOTE 1) | - 


er 


vam | —|: (see NOTE 2 | 
_ PULSE . 
GENERATOR RDY2 OSC 
TRIGGER FIC 
AEN2 
CSYNC 
Ry = Ro = 5100. 


LOAD 
(SEE NOTE 1) 


| ..GENERATOR : 


NOTES: 
1. CL = 100 pF 
2. CL = 30 pF 


~ _— - oe - 
be 
. ts oo 
ao . Ee 
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’ 
z 
G 
‘ 
i) 
‘ 
~ nie 
v 
t een! 


70 AFN-01472B 


BS OCU OE OS nee ens as 
OCTAL LATCH 


: a 1 : Pry fan ars “ 


iat a yey oD ie 


- “Address Latch for iAPX: 86, 88, co o- State Outputs 
_ “MCS-80°®, MCS-85°, 'MCS-48® Families | 


a High Output Drive Capability for ee 7 
__Driving. System Data Bus: ae a 20+ Pin Package with 0. 3’ “Center 


ee ree ae ae 4 wn dye RELA ON ESB Berg ge hg 
whe Gh GAD fy ¢ ‘ . wa aes 


= Fully Parallel 8-Bit Data Register and | aa ee das 
putes a NG Output ‘Low. Noise vition, Entering | 
we Transparent during Active Strobe OF: Leaving High Impedance, State : 


The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They-can be used to,implement:latches, buffers. 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282. does not. Thus, all of-the principal periph 
eral and input/output functions of a 1 microcomputer system can be. implemented.with. these devices... | .. 
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Figure 1. Logic Diagrams Figure 2. Pin Configurations 


8282/8283 


Table 1. Pin Description 


Description 


STROBE (Input). STB is an input control 
pulse used to strobe data at the data input 
pins (Ao-A7) into the data latches. This 
Signal is active HIGH to admit input data. 


The data is latched: at the HIGH to-LOW ., 


transition of STB. 


OUTPUT ENABLE (Input). OE is an input 
control signal which when active LOW 
. enables: the contents of: the. data. ‘latches 


| onto the data output pin (Bo-By). OE being 


inactive HIGH forces the output buffers to 
their high impedance state. 


.|;DATA INPUT PINS (Input). Data presented 


|'at these pins satisfying setup time re- 


‘| quireaments’.when .STB is ‘strobed and 
latched into the data input latches. 


DATA OUTPUT PINS (Output). When OE is 
true, the data in the data latches is pre- 
sérited’ as inverted :(8283) or rion-inverted 
|. (8282) data onto the data output pins: - 


FUNCTIONAL DESCRIPTION 


The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STS 
line in its active HIGH. state makes the latches appear. 
transparent. Data i is presented to the data output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers. are in their. high impedance. state. 

Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data:output 
bus. 
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ABSOLUTE MAXIMUM RATINGS“ 


Temperature Under Bias................. 0°C to 70°C 


Storage Temperature............. —65°C to + 150°C 
All Output and Supply Voltages. ......-—0.5V to +7V 
All Input Voltages.................. — 1.0V to. +5.5V__., 


Power Dissipation...................008) ..1 Watt. 


“NOTICE: Stresses above. those listed under “Absolute 

Maximum Ratings” may cause permanent damage to the 
device. This is.a-stress.rating only and functional opera- , 
tion of the device at these or any other conditions above ' 
those indicated in the operational sections of this specifi- : 


~ cation is not implied. Exposure to absolute maximum : 


rating conditions for extended periods may affect device ) 


“reliability.” 


= . - + che 


D.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = 0°C to 70°C) 


Forward Input Current 


ae Reverse Input Current 
Output Low Voltage 


Output Off Current 


., «|. Input High Voltage 


NOTE: 
1. Output Loading Io, = 32 MA, Io = —SMA, C, = 300 pF. 


[Simba [Parameter 


TIVOV Input to Output Delay 


—Inverting 
TSHOV 


—Non-Inverting 


STB to Output Delay 
—Inverting 
—Non-Inverting 


"Input, Output Fall Time 


NOTE: 
1. See waveforms and test load circuit on following page. 


Output High Voltage 24° 


Furs 
[TeHoZ [Output Disebie time | 5 | 18 
10 [20 
of 
sf 
a 
ee 
a ee 


0 


lo. = 32mA 


lon= = 5 mA 


uA V_ = 5.25V 
V 
V 


“Input Low Voltage a ee ae Voc=5.0V See Note 1 


Vcc=50V_ See Note 1 


F=1 MHz 
Veias=2.5V, Voc= 5V 
Ta= 25°C. Lene 


A.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = 0°C to 70°C 
Loading: Outputs — Io, = 32 mA, Ion = —5 mA, C, = 300 pF) 


Test Conditions 


(See Note 1) 


From 0.8Vto2.0V. | 
From 2.0V to 0.8V 
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A.C. TESTING INPUT, OUTPUT WAVEFORM | 


‘INPUT/OUTPUT 


vfs ea. 


2.4 


1.§ 4— TEST POINTS —> 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 


LOGIC “1° AND “0.” 


OUTPUT TEST LOAD.CIRCUITS 


am pF _ 


S3STATETOVoL -  .  .. STATE TO Vox 


SWITCHING 
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WAVEFORMS a oe 


INPUTS 


TIVSL TSLIX 


TIVOV es TEHOZ }— TELOV 
ei | Vou-.1V- : 


(i Vo_t.1V 


SEE NOTE 1 


TSHOV 


a 


NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 


” a. 
2 2 
> > 


« 


pF LOAD pF LOAD 


Output Delay vs. Capacitance 
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8286/8287 
OCTAL BUS TRANSCEIVER 


s Data Bus Buffer Driver for iAPX 86,88, = 3-State Outputs -. 
MCS-80'™, MCS-85'™™, and MCS-48™™ : 
Families Oi ts yaae oe oa 4 3 . | 
= 20-Pin Package with 0.3” Center 
= High Output Drive Capability for | 
_ Driving System Data Bus | | 
Ore Te, ‘a No Output Low Noise when Entering 


= Fully Parallel 8-Bit Transceivers = === =—S— or Leaving High Impedance State 


The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 


Figure 2. Pin Configurations 


intel 8286/8287 ; 


Table 1. Pin Description 


Name and Function 
Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver's By—B7 as outputs with Ag-A7 as inputs. T LOW configures Ag—A7 as 
the outputs with Bo~B7 serving as the inputs. 
Output Enable: OE is an input control signal used to enable the appropriate output driver (as 
selected by T) onto its respective bus. This signal is active LOW. 


Ao-A7 /O Local Bus Data Pins: These pins serve to either present data to or accept data from the processor’s 
ee local bus depending upon the state of the T pin. 

Bo-B7(8286) ie) System Bus Data Pins; These pins serve to either present data to or accept data from the system 

Bo-B7(8287) _ 


bus depending upon the state of the T pin. 


FUNCTIONAL DESCRIPTION 


The 8286 and 8287 transceivers are 8-bit transceivers with | _Bo-B7 pins is driven onto the Ap—A7 pins. No output low 
high impedance outputs. With T active HIGH and OE ac-’ —_—glitching will occur whenever the transceivers are enter- 
tive LOW, data at the Ag-Az pins is driven onto the Bo-B7 ing or leaving the high impedance state. 


pins. With T inactive LOW and OE active LOW, data at the 
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TEST LOAD CIRCUITS 


i 


3-STATE TO Vo 3-STATE TO VoL ~ fo. s* gwiTcHING. ~ 


2.28V 


1142 
OUT 


100 pF 


T ~ 


3-STATE TO Von 3-STATE TO Von SWITCHING 


B OUTPUT A OUTPUT A OUTPUT 
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ABSOLUTE MAXIMUM RATINGS” *NOTICE: Stresses above those listed: under “Absolute 


Maximum Ratings” may cause permanent damage to the 


— Ae — 


4 


: , oS ‘device. This is a stress rating only and functional opera- 
‘Temperature Under Bias................. 0°C to 70°C tion of the device at these or any other conditions above 


Storage Temperature............. ~— 65°C to + 150°C those indicated in the operational sections of this specifi- 
‘All Output and Supply Voltages........ —0.5V to +7V cation is not implied. Exposure to absolute maximum 
‘All Input Voltages.................. - 1.0V to + 5.5V rating conditions for extended periods may affect device 


‘Power Dissipation................00cccceues 1 Watt reliability. 


D.C. CHARACTERISTICS (voc = +5V.£10%, Ta= 0°C to 70°C), 


Input Clamp Voltage 


- Power Supply Current—8287 =. ~ 
oor ae —8286 
Forward Input Current 
5.25V ee 
Output Low Voltage —B Outputs | | | lo. = 32 mA 
A Outputs lo. = 16 mA 


Output High Voltage —B Outputs 
a 7A Outputs 


: Output Off Current Vorr = 0.45V 
| Output Off Current Vorr = 5.25V 


Input Low Voltage —A Side : Vcc = 5.0V, See Note 1 
—B Side | 09 | V__| Voc=5.0V, See Note 1 


Input High Voltage 
F=1 MHz 


Input Capacitance mee Veias = 2-5V, Voc = 5V 
T= 25°C 


NOTE: 
1. B Outputs—lIo, = 32 mA, Ioy = —5 mA, Cy = 300 pF; A Outputs—Io, = 16 mA, Io = —1 MA, C, = 100 pF. 


‘ALC. CHARACTERISTICS (Voc = +5V +10%, Ta = 0°C to 70°C) 


Loading: B Outputs—lo. = 32 mA, lon = —5 mA, C, = 300 pF 
A Outputs—Io_ = 16 mA, Ioy = —1 mA, C, = 100 pF 


~. “[° . Input to Output Delay ~ 


~“Inverting F | 3 _ (See Note 1) 
Non-Inverting _. oe 


n 
Transmit/Receive Hold Time Pi 
Transmit/Receive Setup 


Output Disable Time 


TELOV Output Enable Time 


Input, Output Rise Time From0.8Vto 2.0V. 


From 2.0V to 8.0V 


NOTE: 
1. See waveforms and test load circuit on following:page: . . 
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INPUTS 


~TIVOV we —>| TEHOZ | TELOV— 
VOoH = AV _ 


. ea Vor + .1V 


_—___ TEMTV —__> 


‘NOTE: 
1. All timing measurements are made at 1.5V unless otherwise noted. 


o 3 
a 7 
2 2 
> > 
| 5 
my . 
a : @ 
200 400 600 800 1000 ~ 200 400 a 
pF LOAD | : pF LOAD 


Output Delay versus Capacitance.. 
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